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®@ The amplifying mechanism is capable of mil- 
lions of cycles without appreciable wear or loss 
of adjustment. 


® Lightning Quick, dead-stop pointer action—no 
fluctuation. 


® Costs less than most dial air gages. 


® Because of scale design, there is no parallax — 
accurate readings from any angle. 


® Quick spindle changeover. 


® It is easy to adjust, easy to calibrate and easy 


to read. 


® It is completely adequate for tolerance ranges 
from .0001” to .003” with enough scale length 


—— 
4 j above and below to evaluate undersize and 
" -—=_ ‘=v, S S : 
oversize dimensions. 
at 


yt ® It is small, compact and sturdy enough to with- 


stand rough handling in the shop. 
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= Gage Division, The Sheffield Corporation 


Dayton I, Ohio, U.S.A, 
ASK FOR A DEMONSTRATION IN YOUR PLANT 





More than ever, light, flexible polyethylene sheathed cable 
developed by Bell Telephone Laboratories is providing speedy 
answers to the demand for more telephone service. 


But at thousands of splices, the sheath must be thoroughly 
sealed against moisture. Laboratories engineers developed a 
protective casing which is quickly and simply bolted in place. 
The edges and ends of the casing are permanently sealed with 
a new compound developed by Laboratories rubber chemists. 


Now, economical polyethylene cable can be installed much 
faster and at lower cost. Here is another example of how Bell 
Laboratories continually finds ways to keep telephone service 
high in quality, while the cost stays low. 


BOLTING 
VOICES 
TOGETHER 


Adjusting casing over splice in polyethylene 
cable. Edges and ends are sealed with a new 
Butyl rubber compound that won’t harden, dry 
out or lose adhesion even in extreme heat or cold. 


CLOSED CASING IN PLACE 


1% 
BELL TELEPHONE LABORATORIES (4A) 


EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 








Vernier Tools hove mo- 
chine-divided, evenly cut 
graduations, easily read 
to .001”. Precision fitting 
slides permit smooth, 
precise adjustmen:. 


Fastest Way 
to Positive 
Quality Control 


You can make faster, more positive 
accuracy checks at any stage of produc- 
tion when you have the complete line of 
Brown & Sharpe Precision Tools. All 
Permanent Magnet Base Diol the tools in this widely-diversified line 
Tet indicators yer are designed for maximum ease-of-us 

J can be quickly, firmly é gne a im ease-of-use. 
fixed in ony position . . . for At the machine, on the bench, or in your 
the most difficult settings. inspection departments, they assure 
you speed p/us consistent accuracy on 
every job. 





Illustrations show only a few Brown & 
Sharpe Precision Tools. For a description 
of the complete line and its many 
advantages, write for Catalog 35. 


Johansson Gage Blocks. Brown & Sharpe Mfg. Co., Providence 1, 
Made in 3 guaranteed ac- R.1.. U.S.A. 


IBS 


BUY THROUGH YOUR LOCAL DISTRIBUTOR 


Brown & Sharpe 





mokes over 250 different 
micrometers. 


Intrimik Interna! Tri-Point Mi- 








1ARRY B. MARSH 


With deepest regret, we report the 
death, at age 81, of Harry B. Marsh. 


a staunch friend and founding mem- 
Although Mr 
Marsh probably was best known for 
his work in the field of market re- 
search, it was his active interest 


ber of our Society. 


which contributed in a large meas- 
ure to the formation of the Indiana 
Society for Quality Control, the 
forerunner of the present Indianap- 
olis Section, and later to the inte- 
gration of various local quality con- 
trol sections into a national society 
He served for two years as president 
of the Indiana Society for Quality 
Control. 

He was a Purdue University grad- 
uate of 1896; a member of Sigma Nu 
fraternity, the Scottish Rite and 
Shrine and the Hagerstown Rotary 
Club 

After many years in engineering 
and consulting work, he joined the 
Market Research Department of 
Perfect Circle Corporation in 1930 
It was during his years with this 
company that he developed the in- 
terest in quality control which lead 
to his many valuable contributions 
to our Society 
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OUR COVER 


This month’s cover picture comes to 
us through the courtesy of Fred J. 
Halton, Jr., Assistant to the Presi- 
dent of Deere and Company, Chi- 
cago, Ill. The subject of this cover 
is the pylon supported mobile which 
was the central feature of the com- 
pany’s exhibit at the Eighth Midwest 
Conference held in Davenport, Iowa, 


last fall. 
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And before you glance away too 
quickly, take another look at the 
symbolism which is portrayed by 
this mobile. ; 

The central theme, of course, is 
the entire field of quality control 
which is represented by the first 
pendant. Suspended from this on 
the left is an idealized contre! chart 
plotting from which in turn hangs 
the company insignia. Industrial 


statistics are kept in balance by in- 
formation and the demands of in- 
dustry on the cone hand and by 
knowledge from the field of quality 
control on the other. 

And suspended from the quality 
control pendant on the right is the 
insignia of ASQC. This, of course, 
signifies that knowledge in the field 
of quality control is kept in balance 
both by the Society and by industry. 
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INDUSTRIAL QUALITY CONTROL 
is published in January, March, May, 
July, September, and November, and is 
mailed to all members of the Society as 
one of the privileges of membership. 


Direct subscriptions to INDUSTRIAL 
QUALITY CONTROL are not accepted 
from individuals. However, subscrip- 
tions will be received from Libraries 
and like institutions at $6.00 per year. 
Remittances must be in United States 
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Executive Secretary of the Society. 


Back issues, comprising Volumes I 
through IX are available at $8.00 per 
volume, including the Index. Individ- 
ual issues are $1.50 each. 


Correspondence concerning institu- 
tional subscriptions, requests for back 
issues, and allied mstters should be 
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American Society for Quality Control 
Room 5736 
70 East 45th Street 
New York 17, N. Y. 


Make checks payable to: 
American Society for Quality Control. 
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Membership in the American Society 
for Quality Control is available in three 
grades through local Sections or directly 
through the Executive Secretary. An- 
nual dues for direct national member- 
ship are: for Members, $10.00; for Senior 
Members, $12.00; for Fellows, $16.00. In 
each grade, $3.00 of the annual dues are 
allocated as a subscription to INDUS- 
TRIAL QUALITY CONTROL. . The 
Member grade is open to any person of 
good character who is 21 years of age 
and engaged or interested in quality 
control. Information covering higher 
grades of membership and concerning 
local Sections may be obtained from the 
Executive Secretary. 

Membership in the Society is per- 
sonal and professional, and is not open 
to corporations, companies, or other 
organizations. 


Contributions to the Society from 
corporations, companies, and others for 
the support of its activities are wel- 
comed and appreciated. 


x «nk ee ee 
It pays to advertise in 
INDUSTRIAL QUALITY CONTROL 


Advertising space is available 


INDUSTRIAL QUALITY CONTROL 





¥ 


“The new G Bond ALUNDUM* wheels give us double the production of former 
standard wheels.’ That's how a Massachusetts manufacturer sums up the per- 
formance of the new Norton wheels in grinding hardened high-speed steel textile 


blades. He adds: ** It used on this job must be very free and cool cutting to avoid 


“I get a fast cut and b pepe They're the best and most versatile segments I ever used 
reports an Illinois customer using G 
grinding mild steel, cast iron and Mechanite — all three. 


for this kind of work re-ordering ten sets,” 


Bond segments for surface 


WNORTON dlaking better products ... to make other products better 


ABRASIVES 








These users say: 


For surface 
grinding, 
the new 

G BOND 

beats them all! 





Latest Norton wheels bring 
you the money-saving 


“TOUCH of GOLD” 


Naturally, we’ve kept close watch on how 
the new G Bond wheels are doing. And we can 
report that throughout the range of precision 
and semi-precision grinding applications 
they’re already away out in front. In the field 
of surface grinding, for instance, a composite 
statement by users of the new G Bond would 
run very much like this: 

“G Bond wheels cut freer, cooler, faster — en- 
abling us to take heavier cuts in costly high speed 
stecls without drawing temper. They give us 
closer tolerances and smoother finishes. They dress 
easier and produce more preces per dressing. Do- 
ng more work and a greater variety of work om 
per wheel, they outlast any wheels we ever used 


before.”” 
G Bond Wheels 
for YOUR Surface Grinding 


will bring new speed and economy to surface 
grinding jobs — thanks to their unique grain- 
holding structure that produces greatly im- 
proved cutting action. Remember, the G Bond 
is the most modern, most efficient vitrified bond 
ever developed — a typical Norton “Touch of 
Gold” achievement that steps up grinding per- 
formance and product quality while cutting 
grinding costs. 


Ideal for Quality Control 


If you are using quality control inspection methods 
you'll especiaily appreciate G bond wheels. Their 
ability to hold shape and require fewer dressings 
means more uniform performance. And because 
quality contro] is used in their manufacture you'll 
find them more uniform, too— from wheel to wheel 
and from lot to lot. Norton Company, Worcester 
6, Mass. Warehouses in Five Cities — Distributors 
in All Principal Cities — see the yellow pages of 
your telephone directory. W-1537 
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ROY A. WYLIE, Editor 


A new Profilometer Amplimetet 
has been announced by Micrometri- 
cal Manufacturing Company, 345 
South Main Street, Ann Arbor, 
Mich. Designated Type QA Ampli- 
meter, this unit was first demon- 
strated at the Metal Show in Cleve- 
land in October. Although complete- 
ly redesigned, it can be used with 
all Profilometer equipment, old o1 
new. Features of the Type QA are 
RMS or arithmetical average rough- 
ness readings can be selected by a 
switch; ready to use after only 30 
sec. warm-up; no panel to open 
conforms to ASA 
Standard B46.1 with regard to all 
technical details; high stability am- 
affected by normal 
temperature changes; is not sensitive 
vibration: 


proposed new 


plifier is not 


to mechanical shock o1 
meter has illuminated dial with two 
stor- 


separate color-coded scales: 


age compartment in top of case: 
weighs 21 lb and is 8 in. wide x 15 in 
front to back. For descriptive litera- 
ture or a demonstration in your 
plant, contact Micrometrical Manu- 


facturing Company 


! Gheee 


Two new dial bore gages, cover- 
ing the range from ‘'s to’, in. have 
been announced by the Standard 
Gage Company, Poughkeepsie, N. Y 
Size #0000 covers the range from 's 
to 3/16 in. and size #000 covers the 
Both sizes 
employ centering-size discs to cen- 
tralize the head and at the same time 
Chang- 
ing from one bore size to another is 
done by 
clamping on another. Both gages are 
offered as a “one-hole” gage to suit 
the user’s specified dimension and 
tolerance, or as a general purpose 


range from 3/16 to 1/4 in 


serve as one of the contacts 


removing one disc and 
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gage for any dimension within the 
Range of the indica- 
tor is plus or minus 0.002 in., and 
instrument to the 


overall range 


zeroing of the 
tolerance is accomplished by adjust- 
ing the capstan-type nut. The small- 
er gage will check to within 0.050 in 
of the bottom of a blind hole, and 
the larger to within 0.062 in 


Pm . 


A new low-capacity torque wrench 
has been added to the line of stand- 
ard torque wrenches manufactured 
by the P. A. Sturtevant Company, 
Addison, Ul The new wrench, 
nodel F80-1-G has a capacity of 
0 to 80 inch-grams and is calibrated 
n increments of 5 inch-grams. Oth- 
er models of the same style are 
available in ranges from 0 to 8 inch- 
ounces and 0 te 1t6 inch-ounces. 


* * 


A four-page brochure describing 
a centeriess lapping machine and 
lapping techniques is 
available from Size Control Com- 
pany, 2500 West Washington Blvd 
Chicago, 12, Ill. The brochure ex- 
plains how the Size Control center- 


centerless 


less lapping technique and equip- 
ment reduces production costs and 
results than 
methods 


gives more accurate 


conventional lapping 
*r 

Cosa Corporation, 405 Lexington 
Avenue, New York 17, N. Y., is im- 
porting a vertical, mechanical com- 
parator manufactured by the Sigma 
Instrument Company, Letchworth, 
England. Completely mechanical, it 
may be set up anywhere in the plant 
without making an electrical con- 
nection. Magnifications of 500, 1000, 
1590 and 3000 and capacities of 6 and 
12 in. are available. All moving parts 
are mounted in patented ball bear- 
ings to reduce wear and assure re- 





News releases describing new 
products and literature should be 
sent to 

George R. Foster, Mng. Ed. 
Room 6123 Plankinton Bldg. 
161 W. Wisconsin Ave 
Milwaukee 3, Wis 











peated accuracy of readings. Ver- 
tical adjustments are made on both 
table and head, with final adjust- 
ment on the scale. Limit indicators 
may be locked in position. Eight 
models are available, each with re- 
versible anvil, throat depth of 3% in 
and an easily read 6-in. scale. De- 
livery is immediate from New York 


stock 


Three new gaging devices of inter- 
est to quality control people have 
recently been announced by Federal 
Products Corporation, 1144 Eddy 
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Street, Providence 1, R. I. The first 
is the Eccentricator Model A _ 70, 
which eliminates the need for ob- 
serving maximum and minimum in- 
dicator readings and computing the 
difference when measuring work- 
The unit can 
applications, 


pieces for eccentricity 
be used, in 
for checking run-out, 
straightness, wobble, etc., while ig- 


special 
Squareness, 


noring normal variations in size of 
different workpieces. This instru- 
ment, used with suitable indicating 
power units either electric or elec- 
tronic, is adjustable over a tolerance 
range of 0.0001 to 0.035 in. T.LR 
Multiple units may be mounted on 
9/16 in. centerline, in manual, semi- 
automatic or automatic gaging de- 
vices 

Federai Products has also intro- 
duced a combined air and electric 
gage to check two diameters of a 
highly polished bearing simultane- 
ously 
to take the measurements, 
are then transferred through an air- 
electric switch to an Electricato1 
unit. This unit operates a set of tol- 


A dual air snap gage is used 
which 


erance lights—if both dimensions are 
good, the green light flashes; if eithe: 
diameter is oversize, a red light 
flashes. The Dimensionair dials will 
tell the operator which dimension is 
off and how much. A high degree 
of accuracy combined with maxi- 
mum inspection speed are claimed 
for this unit 

The third new product announced 
by Federal Products is an electric 
grinding gage to provide automatic 
control of cylindrical grinders 
gage combines an Arnold grinding 
gage frame and caliper with a Fed- 
eral Electricator instead of the regu- 
lar dial indicator, plus a power or 
control unit. With the electric grind- 
ing gage, the operator need not stop 
grinding to gage the work for size 
Automatic control of the grinde: 
begins as soon as the gage is snapped 
on the work, either before or during 
the grinding cycle. The gage rides 
the work during the grinding cycle 
and controls the wheelhead feeding 
rapidly until 
nears finished 


mechanism, grinding 
the work diamete: 
size, then changing over to a slow 
spark-out feed. As final size is 
reached, the wheel is automatically 
Accuracy of 0.00905 in 
over a prolonged period of time is 


retracted 


claimed for this control gage 
** 
Non-destructive testing and sort- 
ing of accidentally mixed or incor- 
rectly processed metal parts can be 
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done speedily by the new Model C-1 
Cyclograph, announced by the J. W. 


Dice Company, Englewood, N. J 
Ferrous and non-ferrous metals can 
be sorted as raw stock, semi-finished 
and finished parts by their metal- 
lurgical characteristics such as an- 
alysis, hardness, structure, case 
depth, etc. With a known and ac- 
ceptable part used as a standard in 
adjusting the instrument, unwanted 
parts are separated from the good 
ones manually by an operator, or, 
in conjunction with a Type 407 Au- 
Unit, by an auto- 
The relay unit 


tomatic Relay 
natic sorting device 
sends out a signal whenever an off- 
standard part passes through the 
test coil, and this signal can be used 
to operate a reject gate, marking 
device, or other reject means. Size 
and shape of the part is no problem 
for coils can be wound for any size 
opening desired 


The George Scherr Company, 200 
Lafayette Street, New York 12, N.Y.., 
has announced a new line of indi- 
cating thread gages. One is a roller 
thread pitch diamete: 
gage and the other a dial thread 
plug gage for internal 
All errors due to unequal 


comparato! 


checking 
threads 
pressure and “feel” are eliminated, 
allowing quick inspection by un- 
skilled operators. The roller thread 
pitch diameter comparator gage has 
an indicator gage reading in 0.0001 
in. and is set by means of a maste1 
thread gage. A zero setting thumb- 
screw and tolerance hands are pro- 


The thread to be checked is 
between two rollers and 
variations in pitch 
quickly read from the dial. Special 
rolls are needed for every type of 
thread and lead. Range is up to 
2 in. diameter. 

The dial thread plug gage em- 
ploys three interchangeable measur- 
ing jaws, one of which retracts be- 
tween the other two. The jaws must 
first be inserted into a master ring 


vided 
inserted 
diameter are 


gage and the indicator set to zero, 
then used on the work. Variations 
are quickly observed on the dial and 
tolerances are marked by two ad- 
justable tolerance hands. The in- 
strument comes in three sizes for 
ranges of thread diameters 3/16 to 
1 in., 1 1/16 to 2 1/16 in. and 2% to 
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4%4 in. A separate set of measuring 
jaws is necessary for every size and 
type of internal thread. 

* * * 

Brush Electronics Company, 3405 
Perkins Avenue, Cleveland 14, Ohio, 
announces a new direct reading ac- 
cessory for use with their Uniform- 
ity Analyzer, an instrument which 
measures and records on paper the 
variations in weight per unit length 
of yarn, roving and sliver. The new 
accessory, Model BL-814 Automatic 


Evaluator, is a portable device which 
indicates the same average peak-to- 
peak readings that would be ob- 
tained from chart calculations. There 
is direct correlation between data 
obtained from both chart and Auto- 
matic Evaluator, and defects in the 
material, which might be averaged 
out in area reading devices are 
shown in their proper perspective 
with the - ’e of this unit. This ac- 
cessor -oles an operator to ob- 
tain compiete non-uniformity data 
from a 1000 foot sample of yarn in 
342 min. and practically eliminates 
the need for chart calculations. The 
Automatic Evaluator was developed 
jointly by the Institute of Textile 
Technology, Charlottesville, Va., and 
the Brush Electronics Company, and 
is applicable to all new and modified 
Uniformity Analyzer units 


. * * 


A new Gear Analyzer is being 
manufactured by Optical Gaging 
Products, Inc., 26 Forbes Street, 
Rochester 11, N. Y. Used with a 
Model 3 Kodak Contour Projector, 
this analyzer will check involute 
profile, fillet interference (or clear- 
ance), outside diameter, root dia- 


meter, pitch diameter, backlash, 
tooth-to-tooth spacing, modified 
tooth form, tapered teeth, tooth 
crowning, first and last contact 
points, and off axis teeth. A wide 
range of gear sizes may be checked 
and no master gear is required. Di- 
rect observation of a magnified gear 
image allows inspection, analysis, 
and gaging of the gear under simu- 
lated operating conditions. 
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Employees Respond with 


INTERESTING 
INTELLIGENT 
INDIVIDUAL 


Improved Quality Performance 
ELLIOTT SERVICE COMPANY 
Department 43, Mount Vernon, N. Y 


Please send me, without obligation, your free folder 
with samples of colorful Quality-Cost Posters together 
with details about units of Departmental Q-C Service. 
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ELLIOTT SERVICE COMPANY 


Publishers of Management Aids 
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EVERYWHERE 


Mount Vernon, New York 
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WHAT'S THIS? 





HIGH SPEED 


100% INSPECTION 


One machine is 
accurately checking 

8 dimensions 
simultaneously— 
separating correct, 
oversize, and undersize 


parts at a rate of 2100 an hour. 


Eight, standard Sigma gauges, like this one: 


have been mounted together for rapid, accu- »E 


rate inspection of mass produced parts. Each 
gauge, accurate to within .00005", measures 
one dimension. More (up to 30) or fewer 
gauges could have been used, depending on the 
number of dimensions to be checked. These 
gauges, with standard Sigma mounting units, 
and special fixtures where necessary, can be 
set up to inspect parts a fraction of an inch 
long. or several inches long, a foot, or longer. 


Jt 


aa 


Two girls now handle an inspection 
job that formerly took six—and hu- 
man errors have been eliminated. 


Depending on the arrangement, they can 
check internal and external diameters, length, 
depth, or other characteristics. The type of 
parts and the method of feeding determine 
inspection rates—hand feed: up to 600/hr.; 
semi-automatic: up to 900/hr.; fully auto- 
matic: up to 3500/hr. or more. Gauges are 
quickly and easily set to required tolerances 
and change-over from inspecting one type of 
part to another can be done within 10 or 20 
minutes. 
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EASY-TO-READ INDICATORS WITH SIGMA EQUIPMENT 


The semi-automatic Turbine and Compressor Blade Inspector (left) is 
an excellent example of Sigma’s solution for a difficult inspection problem 
involving 18 dimensions. Fixtures are replaceable—each machine can 
inspect a wide range of different type parts. Gauges are connected to a 
Liquicolumn Indicator which has tubes of colored liquid set beside gradu- 
ated scales—liquid levels indicate actual sizes of dimensions being checked. 
Magnifications can be varied easily by the user. Alternate indicator 
(right) uses electrical signals—green light for acceptable parts, red lights 
indicate dimensions below toler- 
ances, yellow lights for those —} 
over. Built-in counters tabulate 
the number of parts submitted 
for inspection and the number 
accepted. 








Contact us and get details on 
the Sigma equipment best 
suited to your high speed, 
nulti-dimensional inspection 
problems. 


CORPORATION (3: 
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Method for Handling Errors in Testing 


and Measuring 


ALAN R. EAGLE 


Broadview Research & Development, Burlingame, Calif. 


INTRODUCTION 


There are in the process of manufacture today a large 
variety of highly complex electronic and _ electro- 
mechanical equipments whose reliability (and, therefore, 
usefulness) is entirely dependent upon the reliability of 
the component parts and systems. In controlling the 
quality of this type of product, it is not only necessary 
to perform environmental and life tests on all com- 
ponents, but it is also imperative that component systems 
be tested against performance specifications with a very 
high degree of accuracy. This requires 100 percent 
testing, and it also requires that an allowance be made 
for inherent test errors resulting from lack of precision 
or repeatability in the test equipment and/or test per- 
sonnel. The allowance for test errors takes the form 
of test specifications set inside the desired performance 
specifications by an amount sufficient to insure that no 
non-conforming units will be accepted as the result of 
a test error. The factors which should be considered in 
the setting of these test specifications are discussed in 
this article. A numerical example is included at the end 
of the paper to illustrate the method to be used in han- 
dling a practical situation. Mathematical considerations 
are largely deferred to the appendix 


ESTABLISHMENT OF TEST SPECIFICATIONS 


The necessity for establishing test specifications inside 
of performance specifications where extreme accuracy 
is desired can be seen from the diagram in Fig. 1 

A unit whose true measurement occurs just above the 
upper performance specification could give a reading at 
any point on the scale between A and B, the extreme 
values of the test error. Therefore, in order to prevent 
the acceptance of any units which lie outside the per- 
formance specifications, it is necessary to set test specifi- 
cations within the performance specifications and to 
accept units under production conditions on the basis 
of these test specifications. To determine just how far 
inside the performance specifications the test specifica- 
tions must be set requires the consideration of the 
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probability aspects of the situation. This can best be 
illustrated by the diagram in Fig. 2 

The probability of occurrence of an error at either 
extreme of the test error range is small, assuming that 
test errors have an approximately normal distribution 
At the same time, the probability of producing a unit 
with a value outside either performance specification is 
also small, assuming a normal distribution of manufac- 
tured units which is well centered and has an acceptable 
spread. Therefore, the probability of an article being 
produced outside either performance specification and 
being measured at an extreme value of the test error 
range is particularly small. These probabilities have 
been worked out exactly for various sizes of test errors 
and with test specifications set inside performance spe- 
cifications by varying amounts. The results are presented 
as a family of curves in Fig. 3 

The curves in Fig. 3 show that test specifications must 
be set successively further inside performance specifica- 
tions in order to provide constant protection as test 
errors get successively larger. The lowest curve shows 
that if test specifications are set inside by an amount 
equal to one standard deviation of the test error distribu- 
tion, then the probability of accepting a non-conforming 
unit due to a test error will be less than 0.5 percent, even 
if the standard deviation of the test errors is half as large 
as the performance specification. In entering the graph, 
the value of the performance specification to be used is 
the * value of the allowable variation, i.e., one-half of 
the total allowable variation. For example, if the stand- 
ard deviation of the test error is 3 v and if the perform- 
ance specifications are 50 10 v, enter the chart at the 
0.3 point (3 10) 


REJECTION OF CONFORMING UNITS 


Since all units whose true values lie within the per- 
formance specifications are acceptable, but since only 
those units which give readings inside the test specifica- 
tion will be accepted, a portion of the acceptable units 
will be rejected. Naturally, the tighter the test specifica- 
tion in relation to the performance specification, the 
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larger this proportion will be. Therefore, the larger the 
test error, the greater the proportion of acceptable units 
which are rejected. These relationships are shown in the 
curves of Fig. 4. The curves show how the proportion 
of acceptable units rejected increases as the size of the 
test error increases and as test specifications are set 
tighter. The cost of increased protection against units 
which do not conform is increased rejection of units 
which do conform 

Once the size of the test error has been determined 
experimentally (as explained below) the test specifica- 
tions should be set according to Fig. 3, so as to keep the 
risk of accepting a non-conforming unit to a level de- 
termined by the functional requirement of the particula 
item tested. This risk must be held to a very low level 
when testing individual units which are assembled into 
a system whose reliability is the product of the reliability 
of the individual parts. Relatively larger risks can be 
tolerated when test measurements are made on a com- 
plete system, depending upon the functional importance 
of the system to the complete equipment 

Having established the tentative location of the test 
specifications, consult Fig. 4 to determine the percentage 
of conforming units which will be rejected. If this per- 
centage is high, considering the time delay and cost asso- 
ciated with an erroneous rejection, adjust the setting of 
the test specifications to give an optimum balance be- 
tween the probabilities of erroneous acceptance and 
erroneous rejection. 
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DERIVATION OF THE CURVES 

The curves in Figs. 3 and 4 were computed by numeri- 
cal integration of areas under the normal curve. This 
method of computation and the associated mathematical 
formulas are given in the Appendix. A word regarding 
the assumptions underlying the curves is in order at this 
point 

It is assumed that the distribution of the test errors is 
normal or approximately so with a mean error of zero 
The distribution of the manufacturing process is also 
assumed normal with a spread such that the performance 
specification falls at two standard deviations of the pro- 
duction distribution. If the production distribution has 
a smaller spread than this, the probability of accepting 
a non-conforming unit and the percentage of conforming 
units rejected will both be smaller than shown on the 
curves, and the test error problem will be of mino: 
importance. The opposite is true for a manufacturing 
distribution with a larger spread. Note that the curves 
as drawn apply to two-sided specifications. In dealing 
with one-sided specifications, the values for probability 
of erroneous acceptance and proportion of parts errone- 
ously rejected should be divided by two 


DETERMINING o6,.,, AND oy, 


Up to this point no mention has been made of the 
method of determining the standard deviation of the 
production distribution and the standard deviation of the 
test error. A means for determining these quantities 
experimentally was presented by Dr. Frank E. Grubbs 
in the Journal of the American Statistical Association, 
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June 1948, Vol. 43, 243-64. This method requires repeat- 
ed measurements on a sample number of manufactured 
units on two or more different test set-ups. These test 
set-ups could be different pieces of test equipment, or 
the same piece of test equipment with different opera- 
tors. The method of interpreting the data obtained in 
this manner and the relationship between the results 
and curves presented above can best be illustrated by a 
numerical example 


EXAMPLE 


The data i. Table I represent repeated measurements 
of 50 units taken on four different sets of test equipment 
The performance specifications were set from functional 
considerations at 100 9.000 units. The problem is to 
determine from these readings the standard deviation of 
the product distribution, the standard deviation of the 
test error of the four test sets A, B, C, D, and to set test 
specifications according to the values thus determined 


The first step in the solution is to calculate the vari- 
ance of each column. Next, the sum of the cross products 
of each column with each other column is computed and 
these are used in the computation of covariance, accord- 
ing to the formula 
. | Dee le = 
Covariance A*B vo = X,Xy =X, = Xp 
1 


nj 1 


+ 


The covariance of each column with each other column 
is computed and the six covariances thus obtained are 
averaged. This mean of the covariances is an unbiased 
estimate of the variance of the production distribution 
(formula 26 of the reference): 
1/6(Sum of the covariances) 
1/6(105.1877) 
17.5313 
~_ 4.19 
The next step is to find the standard deviation of the 
test error of each test set. An estimate of this quantity 


is given by the following formula (formula 24 of the 
reference) 


2 Sum of the Covariances 
— = oe involving test set A 


test set A is not involved 


2 Sum of the Covariances in which 
~2) 


(N—1) (N 
where N is the number of test sets which in this case is 


four. Therefore 


1 

21.93795 — )- (53.350255) + 3 (51.827461) 
3.64027 

rE, 191 


Similar calculations were performed to determine the 
standard deviation of the test error of test sets B, C and 
D with the following results: 


Crr., 1.91 
“r2.5 1.97 


"pp 


TABLE !—Repeated Measurements of 50 Units on Four 
Test Sets 


Test Set B Test Set C 
* Xe 


Test Set A Test Set D 
Xp 


94.01 95.16 
99.50 2.42 103.23 
99.78 | 98 6 98.34 
103.07 | 3 101.39 
107.11 | x 105.75 
104.18 | 5.45 103.05 
98.68 
97.43 
88.62 


=X = 5027.23 °x 
100.7074 2 x 100.5446 >, 4 
21.93795 . 23.701198 a 19.631484 | o” 


Cross Products 
507,367 .2389 =BC 


507,082.0184 =BD 
506.703.0745 =cD 


506.479.4749 
506,086.7563 
505.756.3977 
Covariances 


18.70967142 
16.38277346 
18.2678102 


53.36025508 
Total Covariance 


1730040204 
18.89201836 
15.6350408 1 


51 82746121 
105.18771629 


The standard deviation of the production distribution 
is such that the performance specifications fall at 
(9.000 /4.19) op p 2.156py This is fairly close to the 
assumed conditions under which the curves in Figs. 3 
and 4 were computed (performance specifications at 
2 Gp p.). The largest test errors occurred on test set C, 
which had a standard deviation of test error of 2.32. 
This is taken as the maximum expected test error stand- 
ard deviation for all four sets. The ratio of the standard 
deviation of the test error to the performance specifica- 
tions is 2.32/9.000 — 0.26. This value is used to enter 
Fig. 3. It was feit that a degree of protection at 0.5 per- 
cent or better would be desirable. Figure 3 shows that 
this degree of protection would be assured by setting 
test specifications inside performance specifications by 
an amount equal to 0.86, , However Fig. 4 shows that 
this setting would result in the rejection of approximate- 
ly 13 percent of the conforming units submitted. Since 
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the costs and the time losses which would result from 
rejecting a conforming unit are large, this figure of 13 
percent is too high. Hence, a compromise was reached 
by setting test specifications inside performance speci- 
fications by 0.46, ;, assuring a protection of 0.8 percent 
(Fig. 3) and reducing the proportion of conforming units 
rejected to 8 percent (Fig. 4). 


0.4(2.32) = 0.928 
9.000 — 0.928 = 8.072 


Test specifications are therefore set at 100 + 8.072. 


APPLICATIONS AND CONCLUSION 


The comments and example above are intended to 
illustrate the fundamentals involved in the test error 
problem. Actual situations will seldom coincide exactly 
with the assumed conditions of the example. The method 
illustrated for determining the standard deviations of the 
production distribution and the test errors of different 
test set-ups is quite general and can be used in most 
situations. All that is required is a series of repeat 
measurements on 30 or more units taken on two or more 
different test set-ups. Manipulating this data through 
the given formulas provides the standard deviation 
figures required for evaluating the extent of the test 
errors in relation to the production distribution. 

The curves given in Figs. 3 and 4 apply to a special 
situation, namely one in which the performance specifi- 
cations lie at approximately + 2 times the standard 
deviation of the production distribution. Also note that 
the curves for consumers risks (Fig. 3) all cover a range 
of very low percent risks. This is because these 
curves were drawn up for a product in which high re- 
liability on the component parts was essential; and, 
therefore, consumers risks had to be restricted to a very 
low range. In many test and inspection situations, higher 
values of the consumers risk can be tolerated in order to 
achieve lower values of the producers risk. In order to 
make this approach generally applicable, the method for 
derivation of the curves is given in the appendix, and 
similar curves can be computed to correspond with ac- 
tual situations encountered. A table of such curves 
drawn up to cover different situations encountered in 
practice would be a valuable contribution to the quality 
control field, and it is hoped that some interested person 
will take the initiative in preparing such a table. 


Mathematical Appendix 


The curves in Figs. 3 and 4 were computed through 
the use of an automatic calculator and a table of areas 
under the normal curve. Computational procedures are 
explained in this appendix and the mathematical formu- 
las which apply are presented. 


1. Computational Procedures for Fig. 3 


The diagram of Fig. 5 demonstrates the calculation of 
the circled point on the bottom curve in Fig. 3. Assum- 
ing that the standard deviation of the test error is one 
tenth of the performance specificaticn and that the per- 
formance specification is set at two times the standard 
deviation of the product distribution, then loz, 
0.26pp. The test specification is set inside the per- 
formance specification by loy, which amounts to 
0.26p,. Therefore, the test specification cuts the pro- 
duction distribution at 1.86, ,, (2.0 — 0.2 = 1.8). 
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All units outside the performance specifications are 
non-conforming and should be rejected. We are inter- 
ested in the probability that any of these units will be 
accepted. Consider the area of the production distribu- 
tion which lies between 2.0 and 2.1 standard deviations 
on one tail of the distribution. This is the cross-hatched 
area shown in Fig. 5 and its magnitude can be read from 
a table of areas under the normal curve. This value is 
0.0048, representing the probability of a particular unit 
being produced between 2.0 and 2.1 standard deviations 
of the production process. 

The small normal curve in Fig. 5 represents the dis- 
tribution of the test errors. With this distribution cen- 
tered in the middle of the cross-hatched section (at 
2.056p.p.) the test specifications will lie at 1.256,, 
Only those units which read within the test specification 
will be accepted. Therefore the shaded area under the 
test error curve represents the probability that a unit 
whose true value lies in the cross-hatched section will 
be accepted. This figure can be read from a table of 
areas under the normal curve as the portion of the curve 
beyond 1.25 standard deviations. Its value is 0.1057. 

Now with the probability of occurrence being 0.0048 
and the probability of acceptance being 0.1057, the 
probability of occurrence and acceptance of a unit in the 
2.0 — 2.lo region is the product of these two probabilities 
or 0.000507. To obtain the total probability of acceptance, 
it is necessary to sum all such products over successive 
increments of area to the tip of the production distribu- 
tion. These computations are shown in Table II from 
which it is seen that the sum in this case is 0.000715. 
Since the same probability applies for both the upper 
and lower performance specifications, this figure must be 


TABLE Ii—Sample Calculations for Circled Point in 
Fig. 3 


Prod. Dist Probability Units of 
Interval of Unit OTE 
in terms of Occurring for finding 
orp Col. (4) 


Probability Probability of 
of Unit Being Occurrence and 
Accepteu Acceptance 


(1) (2) q (4) 


0.0048 . 0.1057 
0.0040 : 0.0401 
0.0032 2.25 0.0122 
0.0025 d 0.0030 
0.0025 3.25 0.00058 
0.0015 3.75 0.00017 


0.000507 
0.000160 
0.000039 
0.000008 
0 000001 
0.000000 


twnwnrnrwnrwny 
Ut wnwK oO 
MMM Nh rr 
QauUewnwe 


0.000716 


Total probability of accepting non-conforming units = 0.00143 = 0.14% 
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doubled to give the total probability of accepting a non- 
conforming part. The final value thus obtained is 0.0914 


or 0.14 percent 


A similar set of calculations was carried out for each 
f the points from which this curve and all the other 


urves in Fig. 3 were plotted 


Computational Procedures for Fig. 4 


The diagram in Fig. 6 demonstrates the calculation of 
the circled point in the top curve in Fig. 4. In this case 
we are interested in determining what percentage of 
acceptable units will be rejected because of test error 
Using the same two assumptions of the previous section 
plus the additional assumption that three standard devi- 
ations of the test error will be the maximum error that 
can be made in either the plus or minus direction, then 
lors 0.26p p. and 36, , 0.66, ,, For this curve the 
test specifications are set inside performance specifica- 
tions by lo,, and, therefore, cut the production dis- 
tribution at 1.86,,, Since 0.60, ,, corresponds to the 
maximum test error in either the plus or minus direction, 
no unit which occurs closer to the center of the produc- 
tion distribution than 1.26, ,, will be rejected. A portion 
of the acceptable articles which lie between 1.2 and 
2.06», will be rejected, and this is the percentage which 
we wish to determine 


Consider the portion of the production distribution in 
the 1.2 — 1.36 region (shaded area in Fig. 6). A table of 


TABLE !ii—Sample Calculations for Circled Point in 
Fig. 4 
Probability Probability of 


of Unit Being Occurrence and 
Rejection 


Prod. Dist Probability Units of 
Interva of Unit oT? 
in terms of Occurring for finding Rejected 

¢ > 4 


(2) } (4) 


0.0183 g 0.0030 
0.016 5 0.0122 0.000195 
0014 g 0.0401 0.009561 
0.012 5 57 0 001268 
0.0102 5 226 0.002311 
0.0087 25 < 0.003491 
0.0072 23 5987 0.004311 
0.0060 7 : 0.004640 


0.000055 


0.016832 


Total probability of rejecting acceptable units 0.0336 3.36 
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areas under the normal curve shows that 1.83 percent 
of the units will fall in this region. With the test error 
distribution centered at 1.250,,, the test specification 
will intercept the test error distribution curve at 2.756, , 
The probability of rejection of a unit whose true meas- 
urement lies between 1.2 and 1.36), is represented by 
the area of the test error distribution beyond 2.750, , 

which value is read from the tables as 0.3 percent 


As in the previous section, the probability of produc- 
ing units in this region which will be rejected is the 
product of 1.83 and 0.3 percent, and the total probability 
of rejection of acceptable units is obtained by summing 
all such products for each increment of area from 1.2 to 
2.00,.,;, This figure is 1.68 percent as shown in the 
computations in Table III. Again, since an equal per- 
centage of acceptable items will be rejected at the lowe: 
end of the production distribution, this figure must be 
doubled to give the total probability of rejecting units 
that are acceptable, which in this case is 3.36 percent 

A similar set of calculations was made for all points 


from which each curve of Fig. 4 was plotted. 


‘a ? 
3. Formulas 


For the more sophisticated mathematician and for 
general applications, the required formulas are pre- 
sented in this section 


Let 


the true standard deviation of the production 
distribution 


the standard deviation of the errors of meas- 
urement (The mean error is assumed equal 
to zero.) 

the performance limits (The process average 
is assumed to be centered midway between 
the performance limits. In Figs. 3 and 4, k 
is assumed equal to two.) 

the number of standard deviations of test er- 
rors at which the test specification limits are 
placed within the performance limits 


Then it can be shown that the probability of accepting 
a non-conforming unit (Fig. 3) is given by 


* ds dt (1) 


The function 


1 


M (h, k, p) . 
2x \/ 1-* 


h . 
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is given in Karl Pearson's, Tables for Statisticians and 
Biometricians, Part I], 1931, pp. 78-137. For negative h 
and k the following formulas hold 

] 
9 
l 
) 


M (—h.-k,p) 


M (h. ky) q (h) — M(h.-k,-p) 


" (k i—- M —h.k,—p) 


y (—h) y (-k) 


where 
q(t) 


Also the probability that a conforming unit will be 
rejected (Fig. 4) is given by 


m| k, 


M 





r ca bo, 
| k, a 
l 6, \ 
Now if we consider the special case discussed in this 
article, namely k 2, take b 0.2, 0, 0.2, 0.4, 0.6, 0.8, 
1.0 (the curves of Figs. 3 and 4), and select values for 
o,./20, (the abscissa of the graphs), then it is easy to 
check points on these curves. This has been done for 
several points which were found to agree very accurately 
with the results of the computational procedure de- 
scribed in sections 1 and 2 of this appendix. The author 
acknowledges with appreciation the above formulas 
which were furnished by the referee 
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INTRODUCTION 


The preceding article, “A Method for Handling Errors 
in Testing and Measuring” by Allan R. Eagle, brings up 
some very interesting and practical points, since in the 
past it has been common practice to set specification 
limits for various products on the basis of what can be 
tolerated in service use without taking into considera- 
tion the fact that errors of measurement will be made 
in testing the product for acceptability. Indeed, the 
setting of “test” specification limits* has been neglected, 
although it may be said that generally test limits and 
specification limits have coincided. Whereas, it is gener- 
ally recognized that errors of measurement may be made 
or are made in connection with the testing of a product 
for acceptability, it appears that very little scientific 
progress has been made concerning the problem of just 
where test specification limits should be placed relative 
to the specified or intended limits when errors of meas- 
urement in testing are made. Under the assumption that 


*In this article the term “specification limits” is used to designate 
those limits within which the true value of the product should lie 
for it to be acceptable and useful. The term “test specification limits 
or simply ‘“‘test limits’’ will be used to mean those limits which should 
be applied to judge the acceptability of the product based on a set 
of measured values 
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the specification limits themselves are properly arrived 
at, it will be the purpose of this paper to study the most 
appropriate position of test limits. 


AN EXAMPLE 


Suppose it has been determined that a certain type of 
high voltage capacitor (cost, $4.00 each) will operate 
satisfactorily if the true capacity is not outside the range 
0.100 + 0.009 uf (the specification limits). Thus, in a 
100 percent “screening” inspection those condensers for 
which the true capacity does not fall outside the interval 
0.091 — 0.109 uf should be “accepted” for a certain use 
and the capacitors with true measurement below 0.091 nf 
or above 0.109 uf should be “rejected” or set aside for 
other uses. 

It is easy to estimate the percentage or proportion of 
units which should be accepted or rejected if we know 
accurately the process level and the unit-to-unit stand- 
ard deviation of the process or the product variability. 
Suppose, for example, that the process average is exactly 
at 0.100 uf and the true product variability (assuming no 
errors of measurement) amounts to a standard deviation 
of 0.0045 uf. Thus, assuming further that we have a 
normal distribution in capacity for the product units, we 
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Test Limits 
»f accepting nonconforming unit (Consumer's Risk) 


ut (Kos—ba-) 


B Risk of rejecting a conforming unit (Producer's Risk) 


k re+] 


r) 


that value of b which will make A = B 


Specification Limits 


TABLE II 


utkox 


Test Limits 


uo (Kox 


ba.) 


Risk of accepting nonconforming unit (Consumer's Risk) 
Risk of rejecting a conforming unit (Producer's Risk) 


k/r 


Ox) Oe 


that value of b which will minimize (A+B) 
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find that the percentage outside the specification limits 
can be determined by taking the ratio 0.009/0.0045 — 
2.00 and referring this to a table of the normal distribu- 
tion. We find that 2.25 percent of the product will lie 
below 0.091 uf and 2.25 percent of the product will lie 
above 0.109 uf, so that 95.5 percent of the submitted 
capacitors—those not outside the 0.091 - 0.109 uf range— 
should be accepted and the remaining 4.5 percent of the 
units should be rejected. We emphasize in this connec- 
tion that these represent the true proportions of product 
which should be passed or rejected in a screening inspec- 
tion provided no errors or measurement are made in 
testing the product 

Now suppose that with available instrumentation, er- 
rors of measurement are made in testing the product 
fer acceptability, as is generally the case. We emphasize 
now that we do not know actually whether an item we 
have tested is a conforming unit or a non-conforming 
unit since errors of measurement are made in testing. 
For the above example, consider that the standard devia- 
tion of errors of measurement amounts to 0.0025 uf, 
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which in some practical cases may be representative 
(Methods for estimating precision of measurement and 
product variability may be found in Reference 1). 
Since we are going to make errors of measurement in 
testing a product for acceptability, we should perhaps 
place test limits at places somewhat different from the 
specification limits in order to guard against accepting 
too much bad material and also against rejecting too 
much good material. As a natural inclination, we may, 
for example, want to place the test limits at say 0.100 + 
0.007 uf in order to guard against accepting “bad” or 
non-conforming units. If this were done we would find 
that of 1000 units tesved 130 good units would be rejected, 
825 good units accepted, 40 bad units rejected and five 
bad units accepted. Of the accepted product, 5/830 or 0.6 
percent is now non-conforming and 825/830 or 99.4 per- 
cent is conforming. But this has been accomplished at 
the expense to the manufacturer of rejecting 130 of his 
good units while accepting only five bad units! This 
hardly seems to be a reasonable acceptance procedure 
because we are rejecting too much of the really accept- 
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able product and probably could stand to accept more 
non-conforming material than the small number, five, 
indicated. 

The major point here is that in spite of the fact that 
practically all (95.5 percent) of the product is within 
specification limits the “consumer” would be rejecting 
13.6 percent of the conforming units, and this would 
appear to be unfair, depending of course on economic 
grounds or the cost of accepting a bad unit compared 
to the cost of rejecting a good unit. It becomes clear, 
therefore, that precautions are necessary in setting test 
limits when errors of measurement are made in testing 
a product for acceptance. 


THE PROBLEM AND PROPOSED SOLUTIONS 


What principles, therefore, should be followed in plac- 
ing test limits relative to specification limits? Because 
of errors of measurement we will misjudge some of the 
product presented for acceptance. On the one hand there 
is a chance of accepting a non-conforming unit (con- 
sumer’s risk, we could say), and on the other hand we 
incur a chance of rejecting a conforming unit (pro- 
ducer’s risk).* Our problem then is to minimize these 
errors in some way, but this introduces some difficulty 
because several possible criteria for “minimizing” these 
errors appear. Of course, one might say that such errors 
would not be made if the standard deviation of errors 
of measurement is zero or negligible compared to the 
product standard deviation. However, this may be im- 
possible to obtain on practical grounds as the number of 
instruments required or the number of measurements 
may be prohibitive economically. 

Criterion 1. One procedure would be to set test limits 
so that always the producer and consumer both suffer 
the same or equal risks in misjuding product. If this 
were done then it would be found in the above example 
that the test limits should be set outside (!) the specifi- 
cation limits and should be placed at 0.100 0.0103 uf. 
In this case, the producer’s and consumer's risks are 
both about two percent, which is an improvement over the 
first-mentioned test limits of 0.100 0.007 uf since now 
the number of conforming units rejected has been de- 
creased from 130 to 20 and the number of non-conform- 
ing units accepted increased only from five to 20. In this 
case, as a result of this inspection 97.9 percent of the 
passed units are conforming and 2.1 percent non-con- 
forming. The required probability theory for this and 
succeeding cases is given in the Appendix. 

Table I covers the case where we impose the condition 
that the consumer’s risk, A, and the producer’s risk, B, 
are made equal. The following will explain the 
parameters used in the tables: Let o, denote the product 
variability and o, the standard deviation of the errors 
of measurement. Let k be the deviation of the specifica- 
tion limits from the product mean in units of o,. (It is 
assumed that the process average is midway between 
specification limits.) Thus the specification limits for no 
errors of measurement would be at u k o,. Setr 
o,/6,. Let b be the deviation of the test limits from the 
specification limits in units of o,. The test limits would 
then be set at u (k o, -— b o,). Table I lists b, the 


*It is desired to point out to the reader that in this paper the 
consumer's risk is defined as the chance that the item under inspec- 
tion is simultaneously a ‘defective’ unit and will be judged accept- 
able. In a like manner, the producer's risk here is ccmabiesed to be 
the chance that the item under inspection is a conforming unit which 
is rejected. These definitions are somewhat different from the 
customary ones, but nevertheless appear applicable to the present 
screening inspection problem 
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equal risks A and B, and the sum (A B) as a function 
of the parameters k and r. It is believed that the range 
of k and r considered here cover the useful cases to be 
found in practice. 

As an example of the use of Table I, consider the 
problem under discussion. We have o, 0.0045, oa, 
0.0025, k 2.r 1.80. Entering Table I with k 2 and 
interpolating visually for r 1.80, we read b — 0.50, 
A — B — 0.02,A+ B — 0.04. Our test limits would then 
be set outside the 0.100 0.009 uf specification limits; 
namely, at 0.100 0.0103 tf. 

Criterion 2. As another criterion suppose we impose 
the condition that the sum of the consumer's and pro- 
ducer’s risks is to be a minimum. For this case, we find 
that the test limits should again be placed outside the 
specification limits and at 0.100 + 0.0118 yf. Moreover, 
the chance that a non-conforming unit is accepted would 
be three percent and only 0.6 percent that a conforming 
unit would be rejected. This appears to be a material 
improvement to the manufacturer as only six conforming 
units are rejected (but 30 non-conforming units ac- 
cepted!). Table II covers the case where we impose the 
criterion that the sum of the consumer’s risk and the 
producer’s risk is to be a minimum. Values of b, A, B, 
and (A B) are tabulated for various values of the 
parameters r and k. If we enter Table II with k = 2, 
r 1.80 it will be found that the risks A and B agree 
with the consumer’s risk and the producer’s risk given 
above. 

Criterion 3. As a final criterion suppose we would 
like to minimize the cest of making wrong decisions. 
Here, we would have to know the cost incurred in ac- 
cepting a non-conforming unit and the cost involved in 
rejecting a good unit, or the ratio of these two costs. 
The former cost is indeed difficult to estimat2, whereas 
the latter may simply be the cost in dollars and cents 
of a piece of product. In any event, the quantity we 
want to minimize is the cost involved in the rejection 
of a conforming unit times the chance of rejecting a 
conforming unit plus the cost incurred in accepting a 
non-conforming unit times the chance of accepting a 
non-conforming unit. 

Let us assume, that for the specific problem under 
discussion, the cost of rejecting a good item is simply 
the cost of the item whereas the cost of accepting a non- 
conforming item is the cost of the item plus the price 
of another item to replace the nonserviceable one; that 
is to say, the cost in accepting a non-conforming item is 
twice the cost involved in rejecting a conforming unit. 
For this case, we find that again the test limits should 
be placed outside specification limits and by the amount 
0.0016. Moreover, the consumer’s and producer's risks 
now become 2.2 percent and 1.8 percent, respectively. 
Investigation has revealed, that the cost of accepting a 
non-conforming unit would have to be about at least 
six times as large as the cost of rejecting a conforming 
unit for the test limits to be placed inside the specifica- 
tion limits.* 

Results of setting the test limits on intuitive grounds 
and under each of the three criteria discussed above are 
summarized in Table III. 

FURTHER DISCUSSION 

Concerning which of the above three criteria should 
be selected, it is probably true that the third one would 
indeed be the proper one in practice (depending on the 


*In Mr. Eagle's problem, it apparentiv may be very much in order 
to place the test limits within the specification limits 


17 





TABLE I!i—Comparison of Criteria for Setting Test Limits 


0.0045 a 0.0025 6 2 


Criterion Test Limits 


Limits set on 
Intuitive’ Grounds f 100+ 0070 


Risks equal A- B 5: 100.0103 
Minimizing A+ B 100+ 0118 


Minimizing Cost 
of Wrong Decisions 


Ca— 2Ce 


Test Limits placed 
at Spec. Limits 


particular application), although, as indicated, costs may 
be difficult to estimate accurately. Perhaps some idea as 
to whether it is necessary to use cost criteria at all can 
be gained by the use of Table I or Table II. Under the 
criterion of minimizing the sum of the consumer's risk 
and the producer’s risk as in Table II, for example, we 
can look up the numerical value of these risks. Having 
these and a very rough estimate of the relative cost of 
accepting a bad item and rejecting a good item, we can 
compute the cost of making wrong decisions (the quanti- 
ty minimized under the third criterion). If this cost is not 
very prohibitive, then the cost criteria need not be used 
If the cost appears excessive, then an effort should be 
made to obtain more exact estimates of the cost of 
accepting a bad item and the cost of rejecting a good 
item, and using these costs, set new test limits under the 
third criterion. Lacking the required accurate cost in- 
formation, or at least as an interim procedure, one may 
as well utilize Table II; i.e., the criterion that the sum 
of the producer’s and consumer's risks shall be a mini- 
mum 

It should be pointed out that the tables may also be 
used to determine the number of independent measure- 
ments or the number of measuring instruments which 
must be used if the risks are to be kept to some arbitrary 
minimum. For example, suppose (1) we have set spe- 
cification limits at + 2a,; i.e., k 2, (2) we have de- 
termined that the standard error of measurement for 
one instrument or a single measurement is about 0.50,; 
Ler 2, and (3) we would like the sum of the risks 
A and B to be = 0.02. Referring to Table II, for k 2 
we seek the smallest value of r such that (A + B) is 
about 0.02. This we find is for r 4. That is to say, o, 
must be less t! or equal to 0.250,. Now the standard 
deviation of the mean of n readings (or the readings of 
n instruments) should therefore satisfy 


wheve o, is the standard deviation of the readings from 
a single instrument. We are given that o, 146, and 
require that og be less than or equal to %o,. Therefore 
we require that value of n such that 


loa, 


n 


r 1.80 Specification Limits 0.100 + 0.009 


Results of Inspecting 1000 Units 


No. Good No. Bad No. Good 
Units Units Units 
Accepted Accepted Rejected 


So in order to insure that the sum of the risks is less 
than or equal to 0.02, each piece of product should be 
measured at least four times or on four similar instru- 
ments and the mean of these readings used. 

A similar procedure can be followed using Table I in 
case we wish to find how many instruments are neces- 
sary in order that (for equal consumer and produce 
risks) A and B will be less than some arbitrary figure 

In case there occurs a change in the value of the 
product variability, o6,, and/or the standard error of 
measurement, o,, we give in the Appendix formulas for 
determining new test limits. 

Actually, it is not absolutely necessary to have esti- 
mates of o, and o, in advance as we may have inferred 
That is to say, with provisions for estimating o, and a, 
(as for example in Reference 1) along with the in- 
spection, we start measuring each item and tagging it 
with the observed measurements. When we have finished 
with the inspection of a “lot,” we estimate o,, o,, k, r, 
determine specification and test limits, and then finally 
go back and mark or reject those units with average 
measurement outside appropriate test limits. This ac- 
complishes all parts of the inspection problem simulta- 
neously. 

Finally, discussions with representatives of several 
organizations and companies have indicated that some 
designers have, in a way, set “specification” limits by 
accounting in a fashion for errors of measurement. Thus, 
in such situations, our study, applied in reverse, would 
indicate where the true but unknown specification limits 
actually are located! It seemed logical and natural to 
us to approach the problem as indicated in this article 

It is clear from the foregoing discussion and the 
Appendix that test specification limits should practically 
always be placed outside the desired or specification 
limits since we do make errors of measurement—here, 
we side with the producer even though we may be con- 
sumers! Moreover, the problem is an important one 
which appears to have been neglected in the past, but 
nevertheless one which deserves considerable further 
stud,? since perhaps on intuitive grounds wrong answers 
would be reached in such problems where errors of 
measurement are involved. 


Appendix 


Letx =a random normal variate which describes the 
true product values. The product variability is 
described by the standard deviation o, and it 
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will be assumed that the mean value of x, E(x), 
is zero since no generality is lost by so doing 
(the actual product value is then a constant 
u plus x) 


a random error of measurement. Under the 
assumption that the measuring instrument is 
properly calibrated, we will say that the errors 
of measurement, e, are normally distributed 
with zero mean and variance o,*; i.e., e from 


N(O,o, ). 


The observed measurement, y or y(x); ie., y for a 
given product value x, is then y (x x + e, so 
that for a given product value x, is normally dis- 
tributed with mean x and variance o,” and e is inde- 


pendent of x. 


Now the desired specification limits can be said to be 
at +ko, about the central value u, where k is a properly 
chosen normal deviate. (The process average is assumed 
to be at n.) Thus, if x lies between —ko, and + ko, it is 
a “conforming” unit and such product values will per- 
form satisfactorily in use. On the other hand, if the 
product value x is outside the interval -ko, to + ko,, 
we have a non-conforming unit or one whose service 
performance will be unsatisfactory. In the absence of 
errors of measurement, test specification limits would, 
of course, be placed at .-ko, and u+ ko,. 

Since, however, errors of measurement are made, then 
test specification limits should be placed at some dis- 
tance, say bo,, from the normal specification or per- 
formance limits. In this connection, we will say that the 
test specification limits are to be placed at -ko, -+- bo, 
and + ko, —bo,, where our primary interest will be that 
of determining the factor b, since k, o, and o, will be 
known in advance or can be estimated.'!) 

Our inspection rule will be that if the measured value, 
y x + e, of the product piece falls between -—ko, -- bo, 
and -}- ko, —bo, then we accept or pass the unit, whereas 
if the measured value y is outside these limits we reject 
that product piece 

Now, in selecting an item in a random way from the 
lot, the chance is 


1 
\ 2x Ox 


that a product value will actually lie between x and 
x + dx. 
The simultaneous chance that we obtain a product 
value x and a measured value of x which falls within 
(ko, —bo,) is the chance that x is between x and 
dx times the probability or expression 


1 
9 - 
\ eX Ge . (Kox—boa-) 


This last integral represents simply the chance that the 
measured value of x falls between test specification 
limits. Thus, the chance that a non-conforming unit will 
be accepted; i.e.. that the unit is non-conforming and 
will have a measured value within test specification 


limits, is 
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° Kox bo- 


y 1 
Fr 


(Kox—boe) 


(1) 


Letting r 
(1) becomes 


A (2) 
“k ” 9 (k+t) +b 


which is the chance that an unacceptable or non-con- 
forming piece of product will be accepted 


The chance that a conforming unit will be rejected is 


obviously 


It can be shown by subtracting Eq. (2) from Eq. (4) 
that 


The quantity A may be referred to as a sort of con- 
sumer’s risk as it represents the average risk of accept- 
ing a non-conforming product piece. The quantity B 
may be referred to as the producer’s risk as it represents 
the chance that the item under inspection is a conforming 
piece which will be rejected. With the average risks A 
and B, our problem then is to find some fair way of 
determining the quantity b, which in turn indicates the 
appropriate position for test limits. 


As a criterion, suppose we impose the condition that 
the producer and consumer shall accept the same or 
equal risks in rejecting a conforming unit and in accept- 
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ing a non-conforming unit; i.e.. producer and consumer 
suffer equal risks in misclassifying a product piece 
Then, we set A B and this leads to 


,kr-b 


1 
\/ 2x. 


which yields 


b -k (\/ r*? + 1-r) (7) 


In other words, test limits should be placed outside 
specification limits when errors of measurement are 
made. For various values of k and r, Table I gives values 
of b, A, B and (A+B) under the criterion that the 
producer's and consumer's risk are to be equal. 

If there were practical grounds for saying the con- 
sumer’s risk, A, should be a times as large as the pro- 
ducer’s risk B, then the quantity b would be determined 
from the equation A = aB. 

Now suppose as another criterion, we impose the con- 
dition that the sum of the consumer's and producer's 
risks is to be a minimum, and determine the quantity b 


d 
on this basis. Here, we set (A + B) 0 and solve 


db 


for b. This leads to the requirement 


Now since usually in practice we will have k > 1.5 and 
r = 1, then the second integral on the left-hand side is 
very nearly zero, so that Eq. (8) is closely satisfied 
when the lower limit k + rb/\ 14+r 0, from which 
we get 


b k (9) 


r 
Since the second integral of Eq. (8) will not contribute 
much on practical grounds until its lower limit is less 
than about three, then Eq. (9) will be accurate as long 
15 
as k wer and this inequality should certainly 
\ 1 od 
be satisfied in cases of practical importance. Note again 
that b is negative and therefore that test limits are to 
be placed outside specification limits by the amount 
k 
values of b, A, B, and (A + B) for the criterion that we 
minimize the sum of the producer's and consumer’s risks. 
As a final criterion, suppose that the cost of rejecting 
a conforming item, Cx, and the cost of accepting a non- 
conforming unit, C,, can be determined or measured on 
economic grounds. Then, we may want to minimize the 
unit cost, C,A+C,B, or the total cost, NC,A-+- NC,B, 
of making wrong decisions. Setting 


c,. For various values of k and r, Table II gives 
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d 


db (C,A+C,B) 


(since N is a constant) leads to 


(11) 


we thus determine b as being very nearly that value 
which satisfies 


vier 


In this case the ratio C,/(C,+C,) is generally less 
than % and in many cases may be considerably less than 
49, and b is negative until C, becomes about six times as 
large as Cy. Therefore if C, is greater than about 6C,, 
the test specification limits will be placed inside the 
specification limits, otherwise test limits will generally 
be outside specification limits. 

Cases will occur in practice where the product varia- 
bility, o,, may change to ao,, say, and the standard error 
cf measurement may change to co,, say, where a and c 
are multipliers less than, equal to, or greater than unity 


Then Eq. (7) for the new b becomes 


when we impose the condition that AB, and Eq. (9) 
for the new value of b becomes 


y-- — (9’) 


for the condition that A+B is to be a minimum. 

Finally, as a criterion not proposed above, we consider 
that some may argue (or there may actually exist situa- 
tions where) the consumer’s risk A and the producer’s 
risk B should be weighted by the proportions or numbers 
of non-conforming and conforming articles, respectively 
We remark here that under the definitions given in this 
article our consumer's risk already includes the average 
chance that the item under inspection is non-conforming 
and the producer’s risk includes the average chance 
that the item under inspection is a conforming article. 
In any event, if the consumer’s risk and producer’s risk 
are further weighted by such proportions, then the test 
limits would in general have to be placed so far outside 
specification limits that the piece-by-piece inspection 
itself in most practical cases may just as well be dis- 
vensed with since such a proportionately large part of 
tne presented lot is conforming! We are of the opinion 
that the third criterion involving costs or economic con- 
siderations is perhaps the logical choice. 
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INTRODUCTION 


The advantages which are inherent in a program of 
quality control require an appreciation of its philoso- 
phy, an understanding of its techniques, and provision 
for competent management of the program. 

The discussion in this article centers about the use 
of gages to guide a process. Although this is a tech- 
nique, it has already touched upon philosophy—the 
importance of preventing trouble rather than waiting 
until after manufacture to weed out the most inferior 
items. And it has implied the importance of manage- 
ment in the quality control program; the process can 
be guided only if information from the gaging (or in- 
spection) function is made available to production 
in time to prevent the manufacture of subsequent 
defects. 

A basic technique of modern quality control is the 
Shewhart control chart for variables. One reason for 
its importance is the sensitivity obtainable from aver- 
ages of small samples (of measurements) in comparison 
with an inspection record obtained from go no-go 
gages (attributes). The rate at which the use of these 
Shewhart control charts is being recognized is accel- 
erating rapidly; yet even so, the rate is much slower 
than justified by economic possibilities. Some indus- 
tries have made important applications—others are in- 
terested, but hesitant. 

There are different reasons for the hesitance. For 
example, gaging to fixed limits often requires less skill 
and frequently less time than does measurements in 
certain operations. Then too, the tradition of gaging is 
a habit which has been established through many years 
of practice in some shops even where it is entirely 
feasible to make measurements. In either case, if we 
are to accelerate the acceptance of process quality con- 
trol, we must either persuade these shops to make 
measurements on small samples at appropriate inter- 
vals of time; or we must concede that there are real 
advantages to gaging and develop techniques to im- 
prove the sensitivity of go no-go data. 

It is our personal intentions to use both approaches, 
and we will make our decisions in terms of the exist- 
ing traditions and personnel in each plant, and in terms 
of the type of operations involved. A control chart 
using X, R is a powerful tool. But we are impressed 
too, with the sensitivity which can be obtained with 
Narrow-Limit gages (NL-gages) using samples com- 
parable in size with those for X, R charts. In this arti- 
cle we discuss some of our experiences with the use of 
NL-gages, and indicate enough of the theory to pro- 
vide a practical basis for applications of the methods. 

*Paper presented on the program of the Sixth Annual Conven- 
tion, ASQC, Syracuse, N.Y., May 1952. This article is exempt from 
all copyright restrictions and may therefore be reproduced without 
formal request for copyright release. It is understood that repro- 


ductions under this copyright exemption will carry appropriate 
source credit to both the author and to Industrial Quality Control 
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GENERAL APPLICATIONS OF 
NARROW-LIMIT GAGES 


A screw-machine shop is a typical example of an 
operation which can make important applications of 
statistical quality control. It is our experience that only 
a few of them have done so; many plants have spent 
large sums of money for automatic screw-machine 
lathes, but have not made adequate provision for con- 
trols. Many people are not yet familiar with the eco- 
nomic advantages of using even the straight-forward 
applications of statistical quality control 

There are many operations which use gaging tech- 
niques or variations of them. The sensitivity of a de- 
structive test can be modified by the design; a test de- 
signed to destroy all of the items tested, or one which 
will destroy none of the items, does not provide a means 
of distinguishing between different levels of the two 
products. The killing of insects by insecticide; biological 
assay, and similar techniques; the comparison of one 
taste or smell with another; the comparison of one de- 
fect with another; these are all variations of go no-go 
gaging, and the sensitivity of their applications can 
usually be improved by appropriate statistical design 
The techniques discussed in this article are pertinent 
to these objectives. 

In some processes the process capability is less than 
the (specification) tolerances, and economics indicate 
that some shift in the process average can be allowed 
provided we have means of detecting the approach of 
rejects. In other processes, the process variability is 
essentially equal to the tolerance spread, and statistical 
control of the process is necessary (minimum shift in 
process level) to minimize rejects from the process. The 
application of NL-gages are discussed here in refer- 
ence to both types of applications. 

There have been two important papers on compressed 
(or narrow-limit) gages, both published in England 
We are indebted, particularly, to two articles for many 
ideas developed in this paper; one article is by Dr. B. P. 
Dudding and W. J. Jennett™ and the other is by W. L. 
Stevens. ' 

The contributions of this present article are the fol- 
lowing: 

(1) The presentation of families of operating 
characteristic (OC) curves of the sampling plans 

(2) There is always a value in presenting the OC- 
curves for any sampling plan; nere we have presented 
families of these OC-curves to show the effects of 
changes in important phases of several NL-gaging 
plans. These families of curves are adequate to indi- 

cate the choice of a particular NL-gaging plan in a 

particula application. 

(3) Criteria for selecting an NL-gaging plan 
(4) An outline of the British developments in NL- 
gaging 


21 





SPECIFICATION 
HIGHER LimiT 





Figure 1—Definition of to for NL-Gage Limit 


(5) A simple Vendor Instruction Manual for Shop 
Operations to help vendors set up NL-gaging plans 


(6) An outline of two case histories 


OUTLINE OF AN NL-GAGING PLAN 


To guide manufacturing, go no-go gages are pre- 
pared which are stricter than specifications by an 
amount which we indicate by the symbol to (see Fig. 1) 
Then small samples (5, 10, or 20) are taken at regular 
intervals of time, and a record kept of the number of 
units which do not pass the NL-gages. (Any units 
which fail the NL-gages, but which pass specification 
Rages can be sold by the company, of course ) 


In our initial discussion we assume that there are two 
specifications and that they are wide in comparison with 
the process capabilities. (Stevens discusses, in great 
detail, a method of control when the process capabili- 
ties are essentially equal to the required tolerances.) 
We shall consider that six standard deviations (60) 
represents the process capability 


(1) The sample size, n 


(2) The number of units, c, (in the sample) al- 
lowed outside an NL-gage before the process Is to 
be adjusted 


(3) The distance, to, which the NL-gages are 
moved in (compressed or narrowed) from the 


specifications 


ESTIMATE OF PROCESS CAPABILITY 


Evidently, then, an estimate of the process variabil- 
ity is needed before an appropriate gage can be speci- 
fied. If there is a control chart history for the (con- 
trolled) process, then the evident estimate is 


where d: is a constant.’ Or, we may base our estimate 


of o on experience either with the particular process 
or machine; this experience may be personal, or it 


may be general trade experience 
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Frequently, a satisfactory estimate of the variability 
can be established by a conference which includes two 
or three men who are familiar with the process repre- 
senting production and engineering. If measuring 
equipment is available, then they can be used to obtain 
measurements on a number of items, and an estimate 
of the process variability. (Special gaging techniques 
may also be used to provide an estimate of «.) 


OPERATING CHARACTERISTIC CURVES 


It is standard procedure to indicate a sampling plan 
by its average outgoing quality limit (AOQL), or its 
acceptable quality level (AQL), or its lot tolerance 
percent defective (p,). The Dodge-Romig tables list 
both an AOQL and a p,. The recently revised Military 
Standard 105-A (MIL STD 105-A) goes even farther 
and furnishes OC-curves for different sampling plans, 
and this procedure is to be recommended 

We present several different families of OC-curves 
corresponding to certain variations in the NL-gaging 
procedures. The abscissa, p, represents the percent 
outside of specifications; the ordinate represents the 
probability of “accepting,” or more appropriately in 
process control, the probability that the process will be 
allowed to continue without adjustment 

A. Effect of change in n (for fixed values of t and c) 
Whenever we pick a larger sample from a lot, we ex- 
pect to find more defectives; an increase in n will evi- 
dently increase the severity of our plan unless some 
other compensation is provided. The extent of this 
effect of changing n is indicated in Fig. 2 correspond- 
ing to arbitrarily selected values of t and c 

B. Effect of change in c (for fixed values of t and n). 
If we accept more items outside our NL-gages, the 
severity of the sampling plan will decrease. The extent 
of this decreasing effect is shown in Figs. 3A and 3B 
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Figure 3A—OC-Curves for n 10, t .< 1, 2, 3. Figure 3B—OC-Curves for n 10, t 1.7, ¢ La2 


Based on Bir 


C. Effect of change in t. As we increase t, we in- 
crease the compression of our NL-gages and conse- 
quently the severity of our sampling plan. (See Figs 
4A, 4B, 4C, and 4D.) 

Dudding and Jennett designate their gages in the 
following way. If the gages are moved in 3e units, then 
t 3, and the gages are called 50 percent gages; if 
t 1.7, they are 10 percent gages; if t 1.5, they are 
7 percent gages. They are designated by the area 
between the specification limit and the NL-gage limit 
when the process average is 30 units inside the specifica- 
tion limit. 

It is important to note that compressing the gages by a 
large amount, for example t = 1.7 or more, has a funda- 
mental effect upon the operating characteristics at p = 0 
In Fig. 3A, we see that when p 0 the probability of 
resetting is 26 percent. This undesirable condition 
occurs because the process is producing some material 
which is outside the NL-gage but inside the specifica- 
tions. Having to reset the process unnecessarily (i.e, at 
p = 0) can be avoided in either of two ways by choosing 
an NL-gage plan in which: 

(a) we compress the NL-gage by less; for example, 
by t 1.0 instead of 1.7. This reduces the prob- 
ability of resetting from 26 percent to two per- 
cent when p 0; 

(b) we increase the value of c. The plan n 10, 
t 1.7, ¢ 3, has a probability of one percent 
of resetting the process when p = 0 


SELECTION OF A SIMPLE 

NL-GAGE SAMPLING PLAN 
Most people who have worked in quality control have 
sometime or another used X, R charts for sample sizes 
n 4 orn 5. Personally, we don’t usually use 
larger sample sizes (not even as large as n 9), 
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omial Distribution) 


because they indicate shifts or peculiarities in 
process which aren't usually worth looking fo1 


Criterion A. 

Those then who are familiar with X, R charts, for 
n 4, will have a sense of familiarity with an NL- 
gaging plan which has a similar OC-curve. Now in Fig. 
4B and 4C, we have indicated by broken lines the 
OC-curves corresponding to two X, R charts. Evidently 
there are at least three NL-gaging plans which have 
OC-curves almost identical with X, R charts for n 4, 
namely: 


(Fig. 4A) 
(Fig. 4B) 
(Fig. 4C) 


If we are controlling a process with X, R charts with 
n 5, and we believe there is need for more informa- 
tion, then we usually take samples more frequently in 
preference to increasing the size of n. The same recom- 
mendation applies to the use of NL-gages, recognizing 
that different conditions require different solutions 


Criterion B. 


The effectiveness of any of these techniques in con- 
trolling quality is improved when we post the record of 
our results on control charts. These charts frequently 
indicate the approach of trouble in time to take correc- 
tive action. This indication of approaching trouble 
would not be possible in an acceptance plan with an 
acceptance number of c 
unit is found outside NL-gages, the process would have 
to be reset. Consequently the smallest desirable value 
of c, for process control purposes, would be c 1. 


0: for as soon as even one 
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There must always be a compromise between the 
producer's risk (the probability of resetting the process 
unnecessarily )—and the consumer's risk (the probabil- 
ity of not resetting the process when the process has 
5 feuuee B memastens to renst the oon if there shifted too far). These concepts have been developed 
I, however, it is importan o rese 1e process | rere ho i , ; Saw : . 

y Harold Dodge and Harry Romig. 


is even a small percent outside of specifications, perhaps 
n 10, « 7 1.0 is indicated. This latter plan is Criterion D. 
tle stricte: i » ple -signate » MIL STD : 
littl er th Nr “¥ de — by MIL STI Dudding and Jennett indicate plans with large ac- 
AQL (p. 33, Letter ceptance numbers; such as n 10, t 3.0, ¢ 8. In 


not much concerned about resetting the 
pi less the process shifts quite a distance, then 
n 1.0, and « 2 or 3 are appropriate plans 
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Figure 4A—OC-Curves for n 5. ¢ 1, 1.5, 2. Figure 48—OC-Curves for n 10. « 1, t = 0.5, 1, 1.7. Figure 4C—OC-Curves 
for n 10, « 0.5, 1, 1.7. Figure 40—OC-Curves for n 10, « t = 05,1, 17 
Based on Binomial Distribution) 
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TABLE |—Work Sheet for Computing OC-Curve of NL-Gage Plans (See Fig. 5) 


Spec 


Plan : 


o 
Le 
Plan C . 





)"l-Gage 


Plan D 


Plan E 





o units 100 (p) 
outside outside 
zz NL-gage 
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> our 


VN wNw 
at 
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ae S 
RES Sin Os 
ea 


Se 
moo € 


t tna ‘ bs 
ed 


Assumes a normal curve 
*Based on Molina’s Tables (Poisson) 


many cases there are psychological arguments against 
such large values of c—it is difficult to convince an 
operator that he should be “quality-minded” if you tell 
him that he will be allowed as many as eight units out 
of ten outside the gage—even an NL-gage. In such 
cases, a plan with a small c is evidently to be preferred. 

The choice of a large value of t, such as t 3, will 
in some cases mean that only one gage set at the process 
target is needed. In any event, almost identical OC- 
curves can be obtained by variations of both c and t. 
(See, for example, n 10, t 1.7, ¢ 3 and n 10, 
t 3.0, c 8). A single gage set at the desired mean 
is equivalent to using the median of the sample to 
estimate the mean of a normal distribution. 


Summary 

The families of OC-curves given in the accompanying 
figures are entirely adequate to indicate appropriate 
choices of n, t, and ec; different combinations permit 
the selection of a plan tailored to the peculiarities of 
the particular type of industry or operation. OC-curves 
of X, R control charts, the OC-curves of Dodge-Romig, 
or of MIL-STD 105-A will provide a convenient stand- 
ard of comparison. 

For those who like to adjust a sampling plan to fit 
their own particular needs, a table of computations is 
included as Table I. (This particular one is based on 
the Poisson distribution using Molina’s tables.) 


SEQUENTIAL NL-GAGING PLANS 


In the preceding section we discussed methods of 
selecting a simple NL-gaging plan. But before selecting 
one, it will be worth while to consider the effect of 
maintaining an accumulated record of the last few lots 
For example, although it may be reasonable to allow 
one unit to be oversize in a sample of five, it may not 
be reasonable to permit the process to continue if three 
consecutive samples each contain one oversize unit 

We have presented certain OC-curves in Fig. 5; these 
are the curves corresponding to the different plans 
computed in Table I. The OC-curve listed as Plan A 
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Prob. of Prob. of 
Acceptance, Pa Acceptance, Pa 
Plan A* np —15p* Plan C* Plan D* Plan E* 


1.00 338 996 1.00 1.00 
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Figure 5—OC-Curves for NL-Gaging Plans Shown in Table |! 


(Based on Poisson Distribution) 


corresponds to (n 5. t 1.0, c 2). This is not a 
very strict plan; we see that it will not work a hardship 
on production by stopping the process even if the per- 
cent of rejects is as high as three or four percent. 
However, it will allow the process to continue about 
80 percent of the time if the percent of rejects is as high 
as seven or eight percent. 

The severity of the operating characteristic for larger 
values of p can be increased by coupling two plans; for 
example, Plan A (n 5, t 1.0, ¢ 2) and Plan D 
(n 15, t 1.0, ¢ 3). The decision to adjust the 
process will then be made either, 
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evidence of a single sample of 


(b) on the combined data of the last three 


samples n 15 


(Note: The OC-curves shown for n 15 are slightly 
more liberal than the OC-curves corresponding to three 
successive applications of Plan A; since, for example, 
Plan D would permit the process to continue if there 
were two defects in one sample and one in another, and 
Plan A would not allow continuance because of the two 
defects.) It should be noted that the same NL-gages are 
used for the two parts of the sequential plan 

In practice, we have found this accumulation of evi- 
dence from successive samples to be of economic im- 
portance and easy to administer. Consequently, we 
have used other families of curves corresponding to 
n 5, 10, 15 and 20, values of t 1.0 and 1.7, and vari- 
ous selected values of c. These families may be used as 
plans in their own right or in conjunction with other 
plans. OC-curves are shown in Figs. 2-5 for certain 


selected combinations of n, t and c 


SHOP INSTRUCTIONS FOR OPERATING 
A TYPICAL NL-GAGE PLAN 


Let our plan be: n = 5, c¢ 2. This 
plan allows one unit outside NL-gages in any single 


land n 15, c¢ 


sample of five: and allows two outside in the last three 
accumulated samples (of 15). (The operation of the plan 
is independent of the amount the gages have been com- 


pressed. ) 


A Set-up Procedure 
Adjust the machine or process and run five pieces 
(a) The machine is satisfactorily adjusted if ail five 
pieces pass the NL-gages; let the machine run 
(b) The machine is not satisfactorily adjusted if 
any piece does not pass the NL-gages. Readjust 
and repeat the NL-gaging of five pieces. Repeat 
until all five pieces pass the NL-gages 
Adjustment of Process 
Check with the NL-gages a sample of five pieces of 
the most recent production at regular time intervals 
of an hour, quarter-hour, half-hour, or every two 
hours, as experience indicates the need. 
(a) Record the number of pieces which are high 
and the number low on the chart. (See Fig. 6) 
(b) The machine shall be adjusted on the charac- 
teristic found to be out of the NL-gage limits 
when (and only when) 
(1) two or more pieces fail the NL-gages on 
that characteristic in the last sample (n = 5, 
Cc 1); or 
three or more pieces fail the NL-gages on 
that characteristic in the accumulation of 
the last three samples (n 15, c = 2) 


(c) Continue to operate the machine without adjust- 


ment unless one of the two conditions in “b 


oceurs 


FORMS FOR RECORDING NL-GAGE DATA 


Example 1. Trays holding 25 cathodes were sprayed 
with an oxide coating. A critical characteristic was the 
thickness of the coating which was applied by 30 to 40 
passes of a spray gun across the face of the nickel cath- 
odes. It was decided to replace the control procedure 
which had been in use by an NL-gage procedure with 
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the gages compressed from the upper specification and 
the lower specification by one sigma (t 1.0). The 
plan agreed upon was: n 5, ¢ l and n 15, ¢ 2. 
The OC-curves of this plan corresponding to the single 
sample and the three accumulated samples are shown 
in Fig. 5 

From each tray of cathodes which has been sprayed, 
five were selected and checked with the NL-gages. The 
number of oversize (high) and undersize (low) cath- 
odes were marked on the chart as in Fig. 6. 

By studying the behavior of the spraying, it was soon 
learned when and how the process should be adjusted: 
by cleaning the spray guns; by increasing or decreasing 
the number of passes; by instructing the operator as to 
speed of passes; and other factors. 

The improvements in this process were substantial: 

1. It was possible to introduce acceptance sampling 

on racks of sprayed cathodes and thus eliminate a 
hold-up on the production line. 

Because of rapid determination of the state of con- 
trol available by go no-go gaging, the spray opera- 
tor had current information to use in adjusting the 
process. This plan reduced the number of racks 
sent back for additional spray passes (cathodes 
undersize); and simultaneously reduced the num- 
ber of cathodes which were scrapped for being 
oversize from an average of 20 percent to less than 
one percent. With less rework flowing through the 
production line, it was possible to reduce the in- 
spection personnel and increase the yield of good 
cathodes. 

Even more important, however, was the uniformity 
of the cathode thickness. Using NL-gaging, it was 
possible to reduce the overall spread of the sprayed 
cathodes by a factor of 50 percent. This improve- 
ment was so radical and so important in subse- 
quent operations that the completed product, of 
which the cathodes were a sub-assembly, was im- 
proved from being mediocre to being an outstanding 
successful product on the market 


Example 2. NL-gages have an important application 
in guiding a process where measurements can be made 
easily even to ten-thousandths, as in a machine shop. 
On the part in this example the specifications were 
0.2377-0.2383 in.; a nominal dimension of 0.2380 in. with 
i tolerance of 0.0003 in. It was estimated that the 
machine was capable of producing parts to within 

0.0002 in.; consequently our estimate of o is 1/6 of 
0.0004 in. Convenience of measuring indicated that the 
limits should be compressed by 0.0001 in. which means 
that t 1.5, approximately. The operator measured the 


EE 
NO. =I : . — 
LOW -2 #3 


-3 a 


eae 








SAMPLE NO. #3486789 8 i2 13 14 15 16 17 18 
Figure 6—Plottings of NL-Gaging of Three Samples of Five Oxide- 
Coated Cathodes 
Sprayer cleaned (fails n 5. ¢ 1 criteria) 

No. of spray-passes reduced by four after a conference with 
foreman, (failed n 15, c 2 criteria) 

No. of spray-passes increased by four after a conference with 
foreman, (failed n 15, ¢ 2 criteria) 
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critical dimensions with a toolmaker’s micrometer and 
indicated by a check (\/) mark the readings which he 
observed. These data are presented in the chart of Fig 
7, which is a combination between a variables chart 
and an NL-gage chart. It is a form which has been ac- 
cepted and maintained by the operator of a screw 
machine. 

Although no physical NL-gages were made for this 
particular machine shop application, the entire concept 
of process control being used was exactly that of NL- 
gaging. It has been our observation that some operators 
understand the concept of go no-go information better 
than they do the control chart presentation of variables 
data, and consequently they are better able to maintain 
the process at a satisfactory level of operation with 
NL-gages 


VENDOR INSTRUCTION PAMPHLET 


We have prepared a booklet, with simplified direc- 
tions for selecting and operating an NL-gaging plan, 
including appropriate record sheets. Although it was 
prepared primarily for machine operations, it has broad 
interpretations. Copies are available upon request 


HAZARDS 


There is a potential error if our estimate of o is in- 
correct—the extent of the effect can be seen from Fig. 
4. If our estimate of o is in error by 25 percent, for 
example, instead of operating on a curve corresponding 
to t 1.0, we either operate on the curve correspond- 
ing to t 1.25 (if our estimate of 6 was too large) or 
we operate on the curve corresponding to t 0.75 if 
our estimate of o was too small. In either case, a differ- 
ence of this magnitude does not appear to be an im- 
portant factor. 

Suppose that that portion of the distribution nearest 
the specification limit is not essentially normally dis- 
tributed. In most instances this is more of a statistical 
question than a practical one—although there are 
notable exceptions in certain electronic characteristics, 
for example. We have never found enough variation 
from a normal distribution in machine operations to be 
important unless product from different heads or spin- 
dles is being combined. Although there is an effect from 
tool wear, that portion of the curve nearest the specifi- 
cation (and from which we draw our sample—the last n 
consecutive pieces) is typically normal 

If the distribution is “violently” non-normal, or if an 
error is made in estimating o, the NL-gaging system 
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Figure 7—Control Chart on a Screw Machine Operation Using NL 
Gaging Principles 
Notes 

#1. Sample failed n 5. ¢ 1. Tool was reset 

#2. Sample failed n > Cc 2. Tool was reset 
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still provides control of the process but not necessarily 
at the predicted level. 

In discussing a similar situation, Tippett 
that there need not be too much concern about whether 
there was an “accurate and precise statistical result, 
because in the complete problem there were so many 
other elements which could not be accurately meas- 
ured.” 


remarks 


CONTROL OF PROCESS TO A TARGET 


Stevens discusses the control of a process which 
has a single “hump near the mean” and which is “not 
violently asymetrical.” His technique is to use two gages 
which are (preferably) equidistant from the mean. He 
counts the units in the sample of n which are: 

percent number 

in sample in sample 
above the upper gage r c 
between the gages q b 
below the lower gage p a 

He keeps control charts on (ca) to control the mean 
of his process; control limits can be obtained from the 


variance, 


nd (p r) (p r) 


He also keeps control charts on (c +a) to control the 
variability of his process. The distribution of (c + a) is 
given by the binomial expansion of 


f } 
qt (rp ps 
l | 


His control charts for (c+ a) are valid even if the 
distribution is not normal, but he advises an adjustment 
for (ca). He lists the (statistical) efficiency of differ- 
ent gages as follows: 


Ef(m) Ef(o) Ef(m,o) 
Maximum O% Oo c 
efficiency of esti- 
mation of mean: 
Maximum 
efficiency of esti- 
mation of sigma: 


Maximum value 
of Ef(m,c) 59 


Recommended 
comprom‘se p=q 46 


CONTROL OF VARIABILITY 


Many industrial process capabilities show little ten- 
dency to change. But if there is doubt about the stabil 
ity of the process variability, we can make either a 
reguiar or a patrol check with a gage set at the specifi- 
cation limit. Then from the recorded percent outside 
the NL-gage and outside the ~nec-gage, two simulta- 
neous linear equations can be set up and solved both 


for o and for X 


CONCLUSION 
We do not consider that all the problems associated 
with Ni-gages have been solved. As their use is ex- 
tended into new applications, the need for additional 
precautions will become evident. Our applications have 
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ted any substantial departure from the re- 


sults predicted in this article 


from 
offer a major 
product or 


X, 


used NL-gages in a variety of applications 
Both from experience and 
underlying find that NL-gages 


contribution to the guidance of industrial 


We nave 
last several years 


theory, we 


processes even when it is possible to use 


R charts. There are many reasons which recom- 


mend NL-gages 


ple size and sample frequency for an X, R plan 


] 


(a) Gaging only is required no measurements 


(b) The sensitivity is excellent, even for samples of 
five, and is comparable to the sensitivity of con- 


charts using samples of four and five 


Record keeping is simple but effective. Charting 
the results at the machine is simpler and faste1 
than with X, R The 
which fail to pass the NL-gages can be marked 
chart by the Trends in 
the process and shifts in level are often detected 
by the the 
Operator comprehension is often better than with 


charts number of pieces 


on a operator himself 


operator before trouble is serious 
X, R charts and less patrol inspection is neces- 


sary 


NL-gage 


tions where X, R charts are not feasible, thereby 


plans may be applied in many opera- 


bringing the sensitivity of X, R charts to many 


difficult problems 


The selection of a plan is similar to deciding the sam- 


In fact, 


the same principles must be considered 


of 


representative of 
the 


A sample size of five is usually adequate but a sample 
ten may give more assurance that the sample is really 
the We 


plans, upon 


recommend one of 
the particular 


process 


following depending 


application 


ENGINEERING STATISTICS AND 
QUALITY 
Burr 
Inc., New 
$7.00 
Lilly 
Indiana 


to the group of statistical quality 
control texts currently available. It 
gives a thorough practical treatment 
ot 


|] 
1.0 
l 


These are essentially equivalent to X, R charts where 


n 


? 


n : n 10 
t < t 1.0 


c c 1 


These are essentially equivalent to X, R charts where 


n 


9. This equivalency is shown in Figs. 4A and 4C 
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ology of this field, Professor Burr's 
book is a worthwhile contribution 
However it cannot be regarded as 
a general text in applied statistics. 
There other statistical tech- 
niques of considerable importance 
engineers and particularly to 
physical scientists which are not in- 
cluded in this volume. Some of these 
techniques require a broader back- 
ground in elementary statistics than 
appears here. This is not intended as 


are 
“a textbook 
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an adverse criticism of the material 
contained. Rather, it is the review- 
er’s attempt to evaluate the scope 
of the book in relation to the au- 
thor’s objectives. 

The first few chapters provide a 
general introduction to frequency 
distributions, descriptive statistics, 
and the normal distribution. The 
author’s choice of examples and 
problems reflects his conscientious 
effort to furnish a practical setting 
for each new topic. 

The second major portion is de- 
voted to process control. The first 
of these chapters is a brief introduc- 
tion to the history, purpose, and 
potential advantages. of 
chart procedures. It is short, ele- 
mentary, and almost self-contained. 
A chapter on Control Charts fo: 
Measurements presents two distinct 


control 


but related procedures—one for de- 
termining whether or not a process 
is in control by analysis of past 
data, and the other for controlling 
quality during production by refer- 
ence to previous established stand- 
ard values for the process para- 
meters. The usual techniques for 
constructing X, R, and o charts are 
presented for each of the above 
situations. Their effectiveness is il- 
lustrated with case histories drawn 
from several types of production 
A final chapter on meas- 
urement charts provides some of the 
underlying distribution theory. The 
material on attributes is preceded 
by a chapter on elementary prob- 
ability which includes the binomial, 


processes 


Poisson, and hypergeometric distri- 
butions. A chapter on Control 
Charts for Attributes deals primar- 
ily with the fraction defective (p) 
chart and the defects per unit (c) 
chart. The final chapters on process 
control include control charts for 
individual slanting 
control limits, modified control lim- 
its, and suggestions on how and 
where to install control chart pro- 


measurements, 


cedures. 

The final portion of the beok deals 
with acceptance sampling. The first 
chapter provides the basic structure 
of single- and double-sampling 
plans for attributes. The second 
chapter discusses published tables of 
attribute plans including the Dodge- 
Romig Tables, the Army Ordnance 
Tables, and the Military Standard 
105A Tables. The first chapter on 
sampling by variables discusses uses 
of control charts and the Lot Plot 
Plan. The final chapter on sampling 
presents plans which presuppose an 
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underlying normal distribution. For 
the case in which the true standard 
deviation is known, plans are pro- 
vided which protect against too high 
(or too low) a mean, or both. When 
the true standard deviation is un- 
known a plan providing one-way 
protection is given. A plan which 
protects against excessive variability 
is also included. 

Perhaps it would be in order to 
mention a few specific points which 
interested the reviewer. 

In the discussion of the sample 
mean and sample standard deviation 
(Chapter 3) the author might have 
placed more emphasis on the use- 
fulness of these statistics in describ- 
ing the parent population and less 
emphasis on their usefulness “for 
condensing data” and giving “a one- 
number description of the set of 
data.” For example, in the discus- 
sion at the bottom of page 59 it is 
stated that about 95 per cent of 
50 “well-behaved” measurements 
should fall within X—2o and X+26 
(X and o both computed from the 
sample of 50). It is perhaps of inter- 
est to observe that only about three 
times out of four can one rest as- 
sured that an interval of this size 
(computed from 50 measurements) 
will include at least 95 per cent of 
the parent population (assumed 
normal). 

The section on “Some Theory 
Underlying Control Charts for Mea- 
surements” (Chapter 7) might have 
devoted less space to detailed math- 
ematical derivations. The mathe- 
matical reader can probably carry 
out these derivations unassisted, 
while the non-mathematical reader 
is apt to be interested only in the 
results 

The reviewer feels that the Lot 
Plot Plan (Chapter 14) should not 
be considered a general method of 
sampling by variables, but rather 
as a practical application of descrip- 
tive statistics. As originally formu- 
lated, the plan was a mixture of 
statistical concepts and “rule-of- 
thumb” procedures. Those phases 
which Professor Burr emphasizes 
are for the most part standard sta- 
tistical procedures. Some of the de- 
tails of the plan which the author 
wisely omits are of questionable 
value in the opinion of the reviewer. 

On page 391 the author states that 
“In the very first exploratory fum- 
bling of a research worker statistical 
methods are not applicable.” The re- 
viewer feels that one branch of ap- 
plied statistics, experiment design, 


is specifically directed toward this 
exploratory work. it has been the 
reviewer's experience that the re- 
search worker is apt to benefit more 
from those statistical methods that 
help him plan his preliminary work 
efficiently than from those which aid 
the analysis and interpretation of 
his experimental results. 

The general content of this beok 
is suited to the needs of the tech- 
nical worker interested in the con- 
trol and evaluation of repetitive 
operations. The student whose prac- 
tical experience is yet to come will 
find many examples from a wide 
variety of industries. These exam- 
ples should not only give him a bet- 
ter understanding of basic statistical 
quality control procedures, but 
should also acquaint him with some 
types of problems he is apt to face 
in practice. The professional will 
find process control and acceptance 
sampling procedures presented in a 
“down-to-earth” manner that can be 
grasped in part time reading without 
formal instruction. 


Over 85% of the torque wrenghes 


used in industry are 
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TORQUE WRENCHES 
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@ Permanently Accurate 


@ Practically Indestructible 
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* Faster—Easier to use 


@ Automatic Release 


@ All Capacities 
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SCHEDULE OF COMMITTEE MEETINGS 
TUESDAY, JUNE 8, 1954 


Operating and Executive Committees 


WEDNESDAY, JUNE 9, 


Division & Technical Committee 
Chairmen 
on Re 


Societies 


Comm ations with Tech 

Presidential Management Award 
Committee 

Committee on Dues Structure 

Chemical Division 

Regional Conferences Committee 

Annual Meeting of the Society 

Chairmen of Section Administration 
Committee 


Board 


Auditing Committee 


Editorial 
Financial Advisory Committee 


Section Affairs Committee 


THURSDAY, JUNE 10, 


Operations Research Committee 

1954-55 Board of Directors 

Annual Society Banquet 

“New” 1954-55 Operating & Executive 
Committees 

Professional Ethics Committee 


Membership Committee 


9:00 A.M 


1954 


9:00 A.M 


9:00 A.M 


9:00 A.M 


P.M 
P.M 
P.M 
P.M 


7:30 P.M 
7:30 P.M 
7:30 P.M 
7:30 P.M 

30 P.M 


1954 


9:00 A.M 


3:00 P.M 
6:15 P.M 


9:00 P.M 
9:00 P.M 
9:00 P.M 


Jefferson 


Auditorium 


Auditorium 


Auditorium 
Auditorium 
Auditoruim 
Auditorium 


Auditorium 


Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 


Auditorium 
Jefferson 
Jefferson 


Jefferson 
Jefferson 


Jefferson 


9:00 P.M.—Jefferson 
9:00 P.M.—Jefferson 
9:00 P.M.—Jefferson 


Film Library Committee 
Program & Speakers Committee 


Publicity & Promotion Committee 


FRIDAY, JUNE 11, 1954 


8:30 A.M 
9:00 A.M 
9:00 A.M 
Aircraft Technicai Committee 9:00 A.M. 
Both 1953-54 and 1954-55 Boards of Directors 
Meeting ' 3:00 P.M. 
6:00 P.M 
4:00 P.M 
4:00 P.M. 
4:00 P.M 
4:00 P.M.—Auditorium 
4:00 P.M.—Statler 
5:00 P.M.—Statler 


Membership Roster Committee. . Auditorium 


Business Administration Committee Auditorium 
Electronics Technical Committee Auditorium 


Auditorium 


Statler 
Statler 


Auditorium 


Banquet 
Textile Division 
Auditorium 


Automotive Technical Committee 


Standards Committee Auditorium 
Education & Training Committee 
Examining Committee 


Constitution & By-Laws Committee 


SATURDAY, JUNE 12, 1954 


Jefferson 
Jefferson 


—Jefferson 


9:00 
9:00 
9:00 


General Committee 
Metals Technical Committee 
Section Administration Chairmen 


(all committees under Paul Robert) 


Convention 


Division & Technical Comm. Chairmen.9:00 Jefferson 
(all committees under Julian Toulouse 
and Comm. on Tech. Societies Relations) 

1954-55 Operating & Executive 
Committees 


12:30 P.M.—Jefferson 





Booth 3 


JOHNSON GAGE COMPANY 


The Johnson Gage Company will ex- 
hibit their complete line of screw thread 
This line of 
gages field of both 
fixed and indicating types, bette: 
known as the Johnson RING-Snap and 
ROLL-Snap gages and comparators. 

Facilities for 


gages and comparators 


covers the entire 


setting and maintaining 
gages and comparators will be ex- 
hibited. The which 
are used in conjunction with standard 
checking squareness, 
related 


many accessories 
comparators for 
concentricity, etc., of surfaces 
will be demonstrated 

The application of these gages in the 
statistical quality control field as well 
as conventional inspection usage, will 
be covered. A manual covering 
the installation of a coryplete quality 
control system for the small screw ma- 
chine shop will be shown 


new 


Booth 6 


WILSON 
MECHANICAL INSTRUMENT DIV. 


The normal “Rockwell” hardness 
tester and “Rockwell” superficial hard- 


34 


PREVIEW OF EXHIBITS 
ness tester will be shown at Booth 6 
exhibited by the Wilson Mechanical 
Instrument Div., American Chain & 
Cable Company, Inc. These are the 
latest models in the “Rockwell” line of 
hand operated hardness testers and 
they will be set-up for operation. 

The new “Rockwell” motorized hard- 
ness tester will also be shown. This is 
a semi-automatic normal model “Rock- 
well” hardness tester—wherein the ma- 
jor load is applied under dash-pot con- 
trol and removed by motor. This model 
has the new Set-O-Matic dial gage, 
which eliminates the necessity of the 
operator setting the gage to zero 

Wilson engineers will be on hand to 
demonstrate all “Rockwell” models ex- 
hibited. Viewers are sure to find the 
subject—and speed—of “Rockwell” 
hardness testing a most interestirg one 

So, stop in at Booth 6, and see “Rock- 
well” hardness testers in testing action 


Booth 18 


THE L. S. STARRETT COMPANY 


The L. S. Starrett Company of Athol, 
Mass. will display their complete line 
of dial indicators: and dial gages. These 
are manufactured to meet the highest 


standards of precision performance for 
all quality control gaging and inspec- 
tion operations 

Starrett’s exhibit will! include 
many other items that go hand in hand 
with many quality control programs 
such as micrometers of all types, height 
gages, vernier calipers, gear tooth ver- 
nier calipers, depth gages and other 
precision hand measuring tools 

In attendance at Starrett Booth No 
18 will be Mr. W. W. Haskins, Western 
Sales Manager; Mr. L. E. Gibson, Fac- 
tory Representative in the St. Louis 
area; Mr. R. E. Brackett, Dial Gage 
Sales Engineer and Mr. H. V. Blakley, 
Experimental Engineer from the Com- 
pany’s home office and factory at Athol 


also 


Booths 21-22 
OPTICAL GAGING PRODUCTS, INC. 


Directed toward cost reduction in in- 
dustrial production, Optical Gaging 
Products, Inc. presents a working ex- 
hibit of the advantages of optical pro- 
jection gaging on the production line 
and in the toolroom 

Featured is a new method of gear 
analysis by which all elements of gear 
tooth construction may be inspected 
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and gaged visually, making possible 
group discussions of gear element dis- 
crepancies, and aiding production qual- 
ity control. It permits complete analy- 
sis of gears, without need for master 
gears or interpolative data. 

A fast new method of inspecting pro- 
duction parts by comparing shadows of 
a sample part and master part simul- 
taneously will be demonstrated. An- 
other universal type of gage for rapid 
inspection of shafts and similar screw- 
machine parts further demonstrates the 
cost-saving versatility of optical pro- 
jection gaging 

Close tolerance inspection by use of 
the MICRO-GAGE principles of com- 
parator chart making can be discussed 
and tested by booth visitors. Optical 
gaging representatives are prepared to 
explain the use of materials and meth- 
ods for making comparator charts and 
fixtures in the user’s plant 


Booth 23 
RIMAT TOOL COMPANY 


Portable internal comparators will be 
featured by RIMAT Tool Company of 
Pasadena, Calif. in Booth 23. These ver- 
satile instruments will be of particular 
interest to show visitors concerned with 
dimensional control of inside diameters. 
RIMAT’S display will include repre- 
sentative gages for checking diameters 
of internal “O”-ring grooves and snap- 
ring grooves; diameters of internal 
thread reliefs and stepped counterbores; 
and pitch diameters of internal threads. 
Inside micrometers and gages for 
measuring location and width of in- 
ternal recesses will also be shown. 

Company personnel will be on hand 
to explain the universal application of 
these instruments to routine inspection 
and quality control procedures. Show 
visitors seeking a specific solution to 
particular internal gaging problems are 
cordially invited to bring them to Booth 
23. “If you can machine it inside, 


RIMAT can measure it.” 
Booths 24-25 


FEDERAL PRODUCTS 
CORPORATION 


New gages in the Federal line which 
will be exhibited at the ASQC Conven- 
tion include the latest instrument for 
measuring shallow diameters, a uni- 
versal ID-OD gage known as Model 
88P-10. Other new developments 
among the dial indicator gages are on 
“O”-ring gage, a crankshaft gage, and 
a gear gage. New advances in air gag- 
ing that will be shown are Federal’s 
Airprobe, a universal contact unit that 
operates in conjunction with the Fed- 
eral Dimensionair. Also new is the 
Arnoldair attachment which is used in 
combination with the Arnold grinding 
gage and the Dimensionair to eliminate 
pointer flutter and enable the grinder 
operator to grind down to size with 
confidence 
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Of course, all of the well-known 
Federal indicating gages, which are so 
essential to statistical quality control, 
can also be seen at the Federal booth. 
Other gages on exhibition will include 
the Electricator, which is an electrified 
dial indicator, and the various elec- 
tronic measuring devices produced by 
Federal. 

C. W. (Cliff) Kennedy, well-known 
quality control engineer, will head up 
the Federal personnel who will be on 
hand to explain the various gages and 
how they can best be applied to quality 
control. Messrs. B. C. MacDonald, O. L. 
Scott, R. Henning, and J. W. Kelly of 
the B. C. MacDonald Company, Fed- 
eral’s St. Louis representative, will also 
be in attendance 


Booths 27-28 


MONROE CALCULATING MACHINE 
co. 

Effortless statistical computation will 
be shown on the modern Monroe cal- 
culator. “Quality Control” and “Sta- 
tistical Methods,” two of Monroe’s high- 
ly accepted literary aids, will be avail- 
able on request. Ask a Monroe repre- 
sentative to demonstrate chi square, 
skewness, kurtosis or regression on the 
Monroe fully automatic calculator. 

The Monroe statistical calculator and 
Monroe dual register adding machine 
the perfect quality control computing 
team—will be the keynote of the ex- 
hibit. Monroe’s statistical calculator 
offers an improved automatic squaring 
lock, a Veeder counter for registering 
the number of items squared and 
special upper dials which show indi- 
vidual as well as accumulated values. 
The Monroe dual register adding ma- 
chine aids statistical calculations by 
recording data in a convenient, rapid 
and accurate manner 

Monroe machines and service are 
available in all leading cities 


Booth 31 


ELLIOTT SERVICE COMPANY 


Featured at the Elliott Service Com- 
pany’s display will be the following 
management services: 

1. Colorful “Quality-Cost” Displays for 
weekly departmental posting in large 
and small manufacturing plants to 
help stimulate employee quality con- 
sciousness 
A complete bulletin board display 
service to reinforce management's 
daily contact with employees. This 
display featuies colorful, weekly 
poster presentations of those subjects 
requiring plant-wide cooperation, 
such as quality workmanship, waste 
and cost reduction and accident pre- 
vention. Special posters are avail- 
able for the textile industry. Bulle- 
tin display boards are furnished in 
silver-gray, hammered-tone, or 
green baked-enamel finish. 

3. Samples of “MANAGEMENT IN- 


FORMATION for Foremen and Su- 
pervisors,” a weekly bulletin cover- 
ing quality maintenance, waste and 
.cost reduction, human relations, su- 
pervisor’s personnel functions, train- 
ing, safety. Also samples of super- 
visory training outlines and booklets 
on similar subjects 

Elliott Suggestion System Service 
samples, including weekly THINK- 
Stimulator displays, suggestion panel 
boxes and monthly Suggestion 
Bulletins. 


Booth 33 


INDUSTRIAL SCIENTIFIC 
COMPANY 


Industrial Scientific Company makes 
the PROBOGRAPH, an instrument for 
checking and measuring machine parts 
gears, cams, turbine blades, propellers 

The PROBOGRAPH operates prac- 
tically automatically by means of an 
electric probe. Each measurement is 
recorded as a graph on a chart ready 
for quality control use. Precision, re- 
liability, and clarity are characteristics 
of the PROBOGRAPH. It is an instru- 
ment both for gageroom use and mass 
inspection. 

Three universal models and many 
single purpose instruments are avail- 
able. One of each type will be ex- 
hibited 

The man who has pioneered PROBO- 
GRAPH and made it one of the most 
advanced measuring techniques will be 
on hand showing the latest methods of 
gear checking, cam checking, inspec- 
tion of blades, etc. There are many 
precision parts which probably only 
the PROBOGRAPH can inspect suc- 
cessfully 

Many years of practical experience 
have made the PROBOGRAPH system 
the last word in precision inspection 
and quality control technique. 


Booth 34 


FRIDEN CALCULATING MACHINE 
COMPANY, INC. 


The Friden fully-automatic square 
root calculator will be exhibited and 
demonstrated on quality control prob- 
lems, including correlation, analysis of 
variance, moving averages, standard 
deviation, correlation coefficient, cube 
root and fully-automatic square root. 

The Friden is the world’s first and 
only desk calculator with automatic 
square root. It provides fully automatic 
extraction of square foot plus all the 
other time-saving advantages which 
enable the Friden to do more kinds of 
figure work without operator de- 
cisions than any other calculating ma- 
chine ever developed. 

To extract the square root, the op- 
erator merely sets the number on the 
keyboard, and touches the small key 
corresponding to the decimal point in 
the number. The square root appears 

(Continued on page 38) 
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B, The Old Fashioned Plug 1s Out Moded 
\ In This Fast-Rolling MODERN Age 


U T H oO ita feces 


*U.S. and Foreign 
Patents 
Granted 


SINGLE END 
Sizes Over 
1.510” 


DOUBLE END 
Sizes Under 
1.510” 


Gaging Surfaces 
are Portions 
of a Sphere 


Operates by 
Tilting Handle 


Whether handle will 
drop freely or not is the 
definite yes-or-no_ indi- 
cation. No guesswork, 
no forcing, no fumbling! 


For Quality Control 


NO plug gage can equal DuBo 


... IN ACCURACY 


“ee 
ef 


COLOR 
Gives 
INSTANTANEOUS 
““FOOL-PROOF” 
INDICATION of 
Goand NO GO 


IN EASE OF HANDLING 
. IN SENSITIVITY 
.. IN LIGHT WEIGHT 
...IN LONG TERM SERVICE 
...IN COST SAVING AND PROFIT 


Like so many items of modern design, DuBo 
Plug Gage looks different and feels different 
from the conventional plug gage. And even 
craftsmen of the old school, used to time-worn 
methods, quickly get the feel and take pride 
in the use of this different tool. Added to that 
are the manv actual cuses where DuBo, after 
a fair trial, has replaced conventional plug 
gages. 

With exceptional ease of handling, DuBo gives 
a precise, definite and sensitive check of bore 
diameters, directly and with no element of 
confusion, even in unskilled hands. In the same 
application, DuBo reveals dimensional varia- 
tions such as taper and out-of-round which 
ordinary plug gages cannot indicate. 
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‘/ An ABC pemenstranon 


Inspection of 9 pieces using conventional plug gage 
Bore Diam. 1.500"; Total Tolerance .001" 


IES & 


4 pieces passed 














| piece too large 


iz + eB € Plug Gage 


4 pieces too small 
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DGBG 
Superiority 





RESULTS of same inspection using DuBo Plug Gage 


AVS GF 


Of the 4 pieces passed by conventional 
plug gage above, only 3 are actually 
specified limits when inspected 
with the more sensitive DuBo plug gage. 


Be 


Of the 4 rejected as too small by conventional plug gage, E and F 
ore actually within the 


COST-SAVING FACTORS 


DuBo Plug Gages outlast ordi- 
nary plugs many times. Ex- 
tremely light in weight (in the 
larger sizes, 70% to 80% 
lighter than cylindrical plug 
gages of equivalent diameter) 
and requiring no jockeying 
into position for entry, DuBo 
effects economies in that im- 
portant cost item, actual in- 
spection time. 





within 


Of nine pieces inspected, DuBo reclaimed two false rejects 
and rejected one piece that had been passed by ordinary plug 
gage inspection. Apply even a fraction of this ratio to a day’s 
production in your own plant and you'll realize the ad- 
vantage of using DuBo Plug Gages. 


is P/ 


DuBo reveals 
piece D 
(passed above) 
is too large. 


limit when inspected with DuBo plug gage. 


|, rejected by conventional gage as too large, is 
so verified when inspected with DuBo plug gage. 








Use DuBo for Precision Plug Economy 


When inspecting parts under quality control sam- 
pling procedure, it is important that those parts 
which may be close to either end of the tolerance 
range be properly classified. The definiteness and 
simplicity of DuBo gaging is a decided advantage 
in this type of inspection. Anyone who has tried to 
enter a cylindrical plug into a hole only .0001” 
larger than the gage, knows how difficult it is. For 
even skillful workers there is a point at which it 
becomes doubtful whether the bore is actually 
smaller than the gage size, or if it is larger and 
merely close. With DuBo Plug Gage, even an un- 
skilled worker can easily enter the gage under any 
condition and quickly interpret bore conditions 
correctly. There need be no border-line cases of 
doubt regarding the proper classification of a bore. 
Use of the DuBo Plug Gage minimizes the cost of 
parts needlessly rejected and the expense accruing 


TRY DuBo! Sense its craftsmanlike feel and 


balance. See how easily it enters, even in undersize 
bores . . . how gentle manipulation of the handle ac- 
curately reveals internal conditions. Use it on a fussy job 
and you'll KNOW why DuBo is replacing old time plug 
gages everywhere! Refer to Catalog C, Pages 18, 19, 
20, 21. Or, write or phone for more detailed information. 


\ 


POUGHKEEPSIE,N.Y., 
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RESULTS of same inspection using DuBo Plug Gage 
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Of the 4 pieces passed by conventional 
plug gage above, only 3 are actually 
within specified limits when inspected 
with the more sensitive DuBo plug gage. 


COST-SAVING FACTORS 


DuBo Plug Gages outlast ordi- 
nary plugs many times. Ex- 
tremely light in weight (in the 
larger sizes, 70% to 80% 
lighter than cylindrical plug 
gauges of equivalent diameter) 
and requiring no jockeying 
into position for entry, DuBo 
effects economies in that im- 
portant cost item, actual in- 
spection time. 
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Of the 4 rejected as too small by conventional plug gage, E and F 
ore actually within the limit when inspected with DuBo plug gage. 


Of nine pieces inspected, DuBo reclaimed two false rejects 
and rejected one piece that had been passed by ordinary plug 
gage inspection. Apply even a fraction of this ratio to a day’s 
production in your own plant and you'll realize the ad- 
vantage of using DuBo Plug Gages. 


~. A 


DuBo reveals 
piece D 
(passed above) 
is too large. 


|, rejected by conventional gage as too large, is 
so verified when inspected with DuBo plug gage. 








Use DuBo for Precision Plug Economy 


When inspecting parts under quality control sam- 
pling procedure, it is important that those parts 
which may be close to either end of the tolerance 
range be properly classified. The definiteness and 
simplicity of DuBo gaging is a decided advantage 
in this type of inspection. Anyone who has tried to 
enter a cylindrical plug into a hole only .0001” 
larger than the gage, knows how difficult it is. For 
even skillful workers there is a point at which it 
becomes doubtful whether the bore is actually 
smaller than the gage size, or if it is larger and 
merely close. With DuBo Plug Gage, even an un- 
skilled worker can easily enter the gage under any 
condition and quickly interpret bore conditions 
correctly. There need be no border-line cases of 
doubt regarding the proper classification of a bore. 
Use of the DuBo Plug Gage minimizes the cost of 
parts needlessly rejected and the expense accruing 


fram those incorrectly nacsced 


An 


TRY DuBo! Sense its craftsmanlike feel and 


balance. See how easily it enters, even in undersize 
bores . . . how gentle manipulation of the handle ac- 
curately reveals internal conditions. Use it on a fussy job 
and you'll KNOW why DuBo is replacing old time plug 
gages everywhere! Refer to Catalog C, Pages 18, 19, 
20, 21. Or, write or phone for more d:_iled information. 


POUGHKEEPSIE,N.Y. 





m the dials almost instantaneously. If 
desired, the root is retained in the 
machine for further calculation, elimi- 
nating the need for copying the root to 
the keyboard, with consequent chances 
for error 


Booth 36 
STEEL CITY TESTING MACHINES, 
INC. 

Feature attraction in Booth 36, Steel 
City Testing Machines, Inc., will be the 
new Flex-Tester for testing sheet metal 
to determine its drawing qualities and 
stretcher strain characteristics. Devel- 
oped by Jones & Laughlin Steel Corp., 
this revolutionary device has enjoyed 
tremendous success all over the world 
during its first year. Quality control 
personnel in many of the country’s 
leading stamping plants have found the 
Flex-Tester a most valuable tool. See 
it in operation! 

The Steel City display will include 
other types of equipment for testing 
the physical properties of metals. Brin- 
ell hardness testers will be represented 
by a laboratory model and a portable 
instrument. A hydraulic ductility test- 
ing machine (cup test) will be in op- 
eration. One of the Company’s direct- 
reading type proving rings will also be 
exhibited, along with miscellaneous 
accessories. Steel City also manufac- 
tures tensile, compression, hydrostatic, 
transverse and special testing machines 


Booth 37 
BROWN & SHARPE 

Brown & Sharpe will display elec- 
tronic production measuring and in- 
specting equipment for taking measure- 
ments electronically iits from 
0.0001 to 0.00001 in. Included will be a 
comparatively new item, electronic 
caliper gage, for high precision gaging 
of work on the bench or in the fixture 
or machine 

Representative Johansson gage blocks 
and accessories will be shown with a 
complete line of precision tools and 
the new Brown & Sharpe micrometers, 
the only micrometers in America with 
a one-piece stainless steel spindle and 
screw. The Intrimik, a new internal 
tri-point micrometer, is of especial in- 
terest in sizes for the precision meas- 
urement of bores and holes from 0.275 
to 8.000 in. 

Permanent magnet chucks and other 
items from the line of Brown & Sharpe 
precision products used in the mainte- 
nance of quality control will be on 
exhibit 

James Casagrandi and William J. 
Hessels of the Brown & Sharpe sales 
organization plan to be on hand to greet 
visitors 


Booth 39 


CENTURY ELECTRIC COMPANY 
Century Electric will exhibit their 
products showing a step-by-step meth- 
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od of quality control techniques which 
are used in the various stages of manu- 
facturing motors 

Component parts of various motors 
will be exhibited together with the 
gages and quality control charts which 
relate to the specific component. A 
cutaway view of a Century Form F 
fractional horsepower motor will be 
exhibited. Quality control methods 
used in the manufacturing will be 
explained. 

In addition to the exhibit the Century 
Electric Company is also offering a 
plant tour for all delegates to this con- 
vention. Century plants are located at 
1806 Pine Street just four blocks from 
the auditorium where the exhibition 
will be held 

Mr. Frances Fisher, Chief of the In- 
spection and Quality Control Division, 
will be in charge of the exhibition. 


Booths 40-41-42 
BRYANT CHUCKING GRINDER 
COMPANY 

A line of internal and external 
thread gages, both portable and bench 
type, are to be shown by Bryant 
Chucking Grinder Co., Springfield, Vt. 
These gages are built on the principle 
of an “expending” master plug for 
checking internal threads or a “con- 
tracting” master ring for checking ex- 
ternal threads. Paired segments, one 
movable, actuate a dial indicator which 
shows the accumulated amount of vari- 
ation from basic size. Interchangeable 
segments cover a range of thread sizes 
up to 5 in. in all tolerance classes. An 
attachment for checking squareness of 
face with the thread will be demon- 
strated on both internal and external 
bench gages. 

A new line of granite surface plates 
made from famous Rock of Ages granite 
will be exhibited. Standard sizes of 
these plates range from 12 x 18 in. up to 
36 x 48 in. and the overall accuracy is 
guaranteed to 0.0001 in the smaller sizes 
or 0.0002 in the larger sizes. 


Booth 43 


BRUSH ELECTRONICS CO. 

Brush will feature the Surfindicator, 
Uniformity Analyzer and _ Tension 
Analyzer. 

The Surfindicator is a practical shop 
instrument for measuring surface 
roughness simply but accurately. Ac- 
cessories to the Surfindicator include 
the motor drive and the small bore 
pickup. The motor drive provides 
mechanical movement of the Surfindi- 
cator pickup along a surface being in- 
spected. The small bore pickup pro- 
vides additional flexibility for measur- 
ing small inside diameters of machined 
surfaces. 

The Uniformity Analyzer is a textile 
instrument which measures the irregu- 
larities in weight per unit length of 
yarn, roving and sliver. 


The Tension Analyzer is a new in- 
strument which measures the varia- 
tions in tension, from 4 grams up to 
approximately 200 grams in any fila- 
ment yarn or wire. It records these 
variations permanently on a chart. 

In attendance at this show will be: 
D. C. Lynch, A. J. W. Novak, L. L. An- 
derson, W. R. Stern, F. W. Witzke, 
A. Ondis, T. Thompson, D. Gaskill, A J. 
Walcutt. 


Booth 46 


MICROMETRICAL 
MANUFACTURING CO. 

Profilometer — Micrometrical Manu- 
facturing Company announces the new 
Profilometer Type QA Amplifier for 
shop measurement of surface rough- 
ness. This unit is used with all Pro- 
filometer Tracers, old or new, and 
shows the average height of the rough- 
ness irregularities in  microinches 
(millionths of an inch) as the tracer is 
moved along the work. The readings 
are either arithmetical or r. m. s. aver- 
age as selected by a switch on the panel. 

This Amplifier, like all Profilometer 
equipment, is designed and built for 
use in production departments. The 
Amplimeter conforms to the proposed 
new ASA Standard B46.1 as regards all 
technical details. This new unit is de- 
signed for use with all Profilometer 
equipment developed since 1936. 

Plan now to attend the ASQC Con- 
vention, St. Louis, Missouri, June 9, 
10 and 11, 1954. All Profilometer equip- 
ment will be on display in Kiel Audi- 
torium, Booth 46. Our _ representa- 
tives will be on hand to answer your 
questions and to demonstrate our 
equipment 


Booths 48-49 


THE TAFT-PEIRCE 
MANUFACTURING COMPANY 

The Taft-Peirce exhibit will place 
major emphasis upon the many uses of 
CompAlIRator air gages in inspection 
operations. In addition to standard air 
plugs, air rings, and air snap gages, 
examples of small hole gaging and wide 
tolerance gaging will be shown. The 
CompAIRator readily checks diameters 
as small at 0.055 in.; at the other ex- 
treme, air-contact gaging permits meas- 
urement of tolerances up to 0.120 in. An 
air-electric CompAlIRator, which gives 
simultaneous signal light and dial indi- 
cations, will also be on display. 

A special feature of the air gage ex- 
hibit will be the Taft-Peirce Comput- 
ing CompAIRator, an unusual gage that 
actually computes difficult measure- 
ments automatically. This type of unit 
eliminates the need for two measure- 
ments and a calculation, and has many 
applications in industry. 

To round out its display of quality 
control tools, Taft-Peirce will also show 
its precision gage blocks, fixed gages of 
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MISSILES HELPING TO BREAK 
A NEW INDUSTRIAL BOTTLENECK 


@ Guided missiles and rockets are 
pioneering civilian progress as well 
as military. 

One of the bottlenecks facing many a 
commercial idea is lack of lightweight 
metals that can withstand high temper- 
atures. The outstanding candidate for 
breaking this bottleneck, the metal upper- 
most in the nation’s mind, is titanium, 
Titanium is one of the metals being 
produced for missiles and rockets because 
it has about half the weight of steel 
and twice the strength of aluminum. 
And it can hold its strength at temper- 
atures possibly up to 1000 F. 

Titanium promises well also where cor- 
rosion is the bottleneck, especially 
involving brine and chlorine. 
Titanium is not yet available in sufficient 
quantity for many industrial applica- 
tions. But Repubic Steel and other com- 
panies are doing research which is 
expected to improve this condition. 
Republic Steel both melts and rolls the 
many types of titanium metal being 
marketed by Republic. 

So, as soon as titanium is available for 
you, turn to Republic’s experience for 
a possible solution to ideas which require 
corrosion resistance or light weight at 
temperatures not now practicable, 


R EF ; U A L E a % T é Pa L WORLD'S WIDEST RANGE 
, OF STANDARD STEELS 
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ill types, the new granite surface plate 
Rotochek” power thread gag- 

Of particular interest is the 

new ber model Rotochek, especially 
designed for rapid bencl inspection ot 


hreaded products 


93-54 
AMERICAN CYSTOSCOPE 
MAKERS, INC. 

Makers Inc 
cordial invitation to members 
of the American Society for 
trol to visit their exhibit in 
53 and 54 Borescopes, pre- 
visual inspection telescopes, will 
disply. A new 
borescope for pipeline inspection will 


Cystoscope 


model jointed 
shown. Representatives will be 


o discuss individual inspection 


ENGIS EQUIPMENT CO. 
Equipment 


Featured at the Engis 
Company's booths will be optical and 
electronic quality control instruments 
for the following purposes 

units consisting ol 


Optical tooling 


precision alignment telescopes, auto- 
collimators, sight levels, theodolites, jig 
transits, with a comprehensive range of 
accessories. These units determine pre- 
cisely straight, parallel, square and 
ingular alignment on a large variety of 
tools, gages, fixtures, machines and 
components and assemblies 

Their design accommodates a large 
range of sizes from small 


parts to the largest machine tools. They 


precision 


serve in the set-up and testing of pro- 
duction machinery, the periodic check- 
ing of gages, as well as for the precise 
evaluation of production samples. 

(Talysurf, 
Talyrond, Talymin III) provide precise 
surface 


The electronic instruments 


numerical average values of 
finish, and permanent records of sur- 
face finish, deviations from true round- 
ness, and errors in straightness, screw- 
lead, gear-performance, etc 

Besides the 


standard 


display will contain 
gaging equip- 
ment, including twist drill gages, cylin- 


special ana 


drical squares, precision engineers’ lev- 


els and clinometers 
Booths 59-60 


SHEFFIELD CORPORATION 

Among the new gaging devices for 
use in quality control to be exhibited 
by the Sheffield Corporation, Dayton, 
Ohio, are two kits of adjustable air 
gaging spindles, one covering a range 
of 1 to 3 in., the other from 3 to 12 in 
Of special interest will be the applica- 
tions of Plunjet gaging carmridges to 
gaging fixtures and machine tool con- 
trol “feed” gages 

New toolroom as well as production 
gaging instruments will be displayed 

New model Precisionaire Column in- 
struments and new style high amplifi- 
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cation Dial Precisionaires will be dis- 
played for the first time before any 
ASQC group. Newly developed gages 
for the textile, printing and paper in- 
dustries are expected to be ready for 
showing at the Convention. 

A complete staff of qualified Sheffield 
engineers will be at the exhibit as well 
as representatives from the surround- 


ing area 


Booths 63-64 
FORD MOTOR COMPANY 


Ford Motor Company in Booths 63- 
64 will feature the thorough systemiza- 
tion of receiving inspection activity on 
very large volume in order to gain the 
most efficient use of available inspec- 
tion effort. They will demonstrate 
Ford's approach to this problem as well 
as the problem of simple interpretation 
of a great volume of vendor’s quality 
reports and data 


Booths 65-66 


MC DONNELL AIRCRAFT CO. 


The McDonnell exhibit will consist of 
a semi-automatic ultrasonic inspection 
unit which makes use of the submerged 
scanning techniques. McDonnell has 
pioneered in the development of this 
new adaptation of the use of ultrasonic 
inspection techniques which is in use 
on a production basis in only a few lo- 
cations in the country. 

The technique provides the only 
proven method by which internal dis- 
continuities may be discovered, meas- 
ured and precisely located in die- 
forgings and forged billets. With the 
advent of the rapidly increasing size 
and weight of airflame forgings the 
problem of securing metallurgically 
sound items has become magnified. It is 
difficult for the foundries to produce 
aluminum alloy forgings, fifty pounds 
and over in weight, which do not con- 
tain voids of some degree of magnitude 
and frequency 


Booth 68 


SERVICE DIAMOND TOOL CO. 


Service Diamond Tool Company has 
greatly enlarged its production facili- 
ties to satisfy the large demand for its 
new Model “A” hardness testing ma- 
chine for Rockwell testing. The ma- 
chine performs the standard Rockwell 
tests, and is made in both standard and 
superficial series. It has been im- 
proved so as to provide more efficient 
production testing, more accurately 
standardized testing and rugged de- 
pendability by means of the following 
features 

1. Recessed eye-ease dial, non-glare 

light focused on work. 
All controls conveniently grouped, 
standardized weights, totally en- 
closed, chrome plated 


Unique friction-free spindle «unit 
(pat. pending), ground and lapped 
elevating screw, hardened, ground 
and lapped bushing for anvils 
Standard movement frictionless 
bezel dial indicator completely en- 
closed against dirt and dust. Pre- 
cision ball bearing beam pivot 
no replacement—ever 

Enclosed adjustable speed dashpot 
is easily reached. Linkage and 
dashpot one compact subassembly 
Casting and all moving parts rust 
Accessory 
anvils 


and corrosion proofed 
rack enclosed to protect 
Telescopic sleeves of 
chrome-plated steel 

Generous oversize sections in a 


screw 


one-piece casting, base machined 
square with elevating screw for 
stability, less frame deflection than 
any other machine for Rockwell 
testing 
A newly developed series of motor- 
ized hardness testing machines for 
either standard or superficial Rockwell 
testing, will be exhibited. They are the 
most accurate production testing ma- 
chines ever made, and feature com- 
plete shutoff or motorized components 
during the actual hardness testing 
penetration. This eliminates the largest 
source of error in previous motorized 
equipment for Rockwell testing . 





WHAT ARE YOUR 
TEST EQUIPMENT 
PROBLEMS? 


Designers and Manufac- 
turers of Destructive and 
Non-Destructive Testing 
and Measuring Equipment. 


QUALCO 


102 WINDERMERE DRIVE 
YONKERS 4, W. Y. 


A. A. Speranza, Jr. Telephone 


Member of ASQC. SPencer 9-3139W 
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BRYANT PORTABLE GROOVE GAGE 


an extremely fast, accurate gage for statistical quality control! 


Bryant proudly introduces the latest development of 
Bryant research — a new, portable groove gage that 
offers a truly accurate means of checking the diameter 


and roundness of internal grooves. 


This adjustable gage covers a range of groove diameters 
up to 5”, and will check grooves which are located 
to a depth up to 1” or 2” from a face, 


depending on the diameter of the groove. 


Actual checking of the groove is done by a pair of 
segments mounted on platforms, one of which is movable. 
A thumb lever collapses the movable, spring loaded 
segment so that the gaging members may enter the work. 
Release of the lever permits the segment caps to expand 
into the groove. The movable segment actuates a 
precision dial indicator which shows variation from 
basic size. An indication of groove roundness is 
obtained by rotating the work part on the segments, 
or by rotating the gage in the vork. 

OTHER IMPORTANT FEATURES: — 


Four pairs of segments cover standard ‘‘0"’ ring 
grooves from 7%" to 47%” dia. 


SEGMENTS-Retracted -Expanded 


Four pairs of segments cover standard snap ring 

grooves from 4” to 54” dia. 

A single pair of segments may be adjusted over a two 

inch range, making them appiicable to many non- 

standard grooves. 

Gage gives direct reading of variation of groove diam- 

eter from basic size. 

Bryant Chucking Grinder Co. 

Springfield, Vermont 

Weighs only 18 ounces. Gentlemen: Please send information on the new 


Bryant Groove Gage. 
BRYANT CHUCKING GRINDER COMPANY, Springfield, Vermont, U.S.A. ; . 


Internal Grinders « Internal & External Thread Gages 
Cranite Surface Plates + Boring Machines 


Gage has no slides or pivots. 


Send coupon today for free descriptive literature 





How to Cut the Cost 
of Gaging Threads 


with TAFT-PEIRCE JOB-RATED GAGES 


The best gage for most jobs provides the best combination of speed, wear-resistance; 


upkeep, and initial cost. Here are some comparisons that will help you keep costs to 
a minimum. : 


Thread 


Special 
Gages 


Gage Blocks 


THE TAFT-PEIRCE MANUFACTURING COMPANY, 








Plain Gages 


preferable when soft or moder- 
ately hard materials are being 
inspected in limited quantities. 
Taper-Lock up to 1.510”. Re- 
versible from #0 to }4”. Reversi- 
ble Tri-Lock above 1.510". 


T-P Thread Ring Gages. Lower 
in initial cost than other gages 
for external threads, they check 
a combination of all thread er- 
rors but cannot distinguish be- 
tween them. 


Model). Fastest thread gagin 
method yet devised. Push —an 
the gage screws into the work. 
Release the pressure and it 
stops. Pull—and it disengages. 
Can be used with most standard 
T-P plug or ring gages. 





G T-P Electrolized 

Gages. With only a 

modest increase in initial 

cost, 

wear life can be obtained with 

this exclusive surface treatment. 

Many users report up to 3 times 
longer gage life. 


T-P Adjustable Thread Snaps. 
Faster than ring gaging, and 
just as accurate, they check lead, 
angle, and all other thread ele- 
ments. Pitch diameter is varia- 
ble. 


T-P Rotochek (Bench Model). 
Permits bringing work to gage, 
instead of gage to work. Like 
flexible shaft model, records in- 
dicate it triples rate of parts in- 
spection. 





substantially longer 





T-P Carbide 

Thread Piug Gage. 

For exceptional resist- 

ance to abrasion or scratch- 

ing and maximum wear life. 

Furnished in both standard and 

special sizes — from #8 ma- 
ine screw size up. 


T-P Roll Thread Snaps. Same as 
adjustable, with rolls for gaging 
members. Since gaging mem- 
bers rotate, wear is spread over 
greater surface and service life 
increased. 


T-P Thread Concentricity Gage. 
Typical of the infinite variety of 
— gages made to order by 

-P every year. This one checks 
size and location of internal 
threads. 


For the complete story on these items and many more, send for your copy of the Taft-Peirce Handbook. 


Thread Gages 


Rotochek 


WOONSOCKET, 





1. It’s Faster! There’s no flutter nor falling 
off of the pointer. No guesswork required. 
Readings are virtually instantaneous even when 
long extension hoses are used. 


2.MoreVersatile! No other air gage matches 
the instant accuracy of this velocity-type cir- 
cuit for such a wide variety of applications — 
from simple internal diameters to simultaneous 
checks of concentricities, squareness, center 
distance, etc. — bellmouth or barrel shapes. 


3. It Costs Less to Operate! Vibration, 
hard knocks, jarring — even tilting — do not 
disturb the accuracy of a T-P CompAIRator. 
Its rugged construction eliminates expensive 


a Pir erecer- 


an 
i 


[ye 


fred 
| i 


| 


| 


4. It Has A Wider Range! A T-P Comp- 
AlRator can be simply, quickly applied to 
check any dimensional relationship — even 
down to internal diameters as small as .055" 
. . . tolerances from .0001” to .120". No other 
air gage approaches this range. It means wider 
application, greater usefulness, more gaging 
for your money. 


Before you buy any air gage you’ll want to talk 
over these advantages with a Taft-Peirce sales 
engineer. Discover the dollars and sense savings 
a T-P CompAIRator can make for you. Write 
today. (And ask for descriptive Handbook.) 


AUTOMATIC SORTING 
MACHINE 


STANDARD AND SPECIAL 
CompAIRATORS 


THE TAFT-PEIRCE MANUFACTURING COMPANY, WOONSOCKET, RHODE ISLAND 


COMPUTING 
COMPAIRATORS 


AIR ELECTRIC 
COMPAIRATORS 
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J. M. JURAN, Editor 


DEFINITIONS 


During the last year this depart- 
nent has taken on a number of 
assignments to “moderate” panel 
discussions on quality control. A 
by-product of these discussions has 
been a set of proposed definitions 
which might well be useful to many 
members of ASQC 

These definitions have had their 
preliminary meetings 

to holding the dis- 
cussion before the audience 


of panels, prio 


That discussion is, of course, un- 
rehearsed. However, it is necessary 
at the preliminary meeting to agree 
on what is the meaning of basic 
terminology. Unless there is such an 


agreement, the audience (or any 
ther panel member) cannot under- 


is talk- 


ing about when he uses the very 


‘ 


and what a panel membe1 
vords around which the discussion 
to be held 


In the 


agreement was reached on the fol- 


last four panels conducted, 


lowing definitions 

Control is the totality of all means 
vhereby we establish and achieve a 
standard of periormance 

Quality Control is the totality of 
ll means whereby we establish and 
achieve a quality specification.” 

Statistical Quality Control is that 
part of the 
and achieving a quality 


means, for establishing 
specifica- 
tion, which 
of statistics 

In all instances 
told, in effect 


“These definitions are merely to 


requires use of the tools 


audiences were 


lisclose what we (the panel) are 


talking about when we use these 
terms during the next two hours 
Hen during the next two hours. 
keep tuned in on us by using these 
After the 
two hours are over, then vou can go 


meanings tor our words 
: ! 


right back to the lingo you have 


been using before the panel ses- 


Sior 
A surprising number of audience 


*In like manner, Production Control, Cos 
Control, etc... can be defined, substituting for 
standard of performance the terms ‘’Pro- 
duction Schedule and Cost Standard 
respectively 

tIn like manner, Statistical Job Evalua- 
tion, Statistical Time Study. Statistical In- 
ventory Control might be defined, substitut- 
ng appropriate terms for “Quality Specfica- 
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members have told this department, 
“IT have no intention of going back 
to my former lingo.” 

FUNCTIONS OF QUALITY 

CONTROL DEPARTMENTS 

At a recent seminar,} this depart- 
ment, assisted by L. A. Seder, 
explored, with a dozen industrial 
executives, the functions actually 
being carried on by quality control 
departments. The resulting list of 
37 functions was quite a revelation. 
A. Functions associated with plan- 

ning or controlling the work of 
the inspection department. 

1. Definition of essential quality 
characteristics of the product, 
or classifying their relative 
importance 
Preparation of inspection 

methods sheets 
Preparation of quality speci- 
fications for appearance and 
other non-measurable qualit 
characteristics; codification of 
shop practice 
Training of inspectors (and 
operators). 
Design of gages and test 
equipment. 
Maintaining the accuracy of 
gages and test equipment. 
Investigation of salvage pos- 
sibilities for non-acceptable 
material 
Supervision or conduct of 
laboratory testing services. 
B. Functions of relations with cus- 
tomers or vendors 

9. Analysis of customer com- 
plaints 

10. Analysis of 
for quality reasons 

11. Conduct of customer surveys 
to study reactions to product 
quality. 

Liaison with customers’ in- 
(usually the mili- 


goods returned 


spectors 

tary) 

Proving in new sources of 
supply 

14. Analysis of rejections made 
on vendors 

Functions of quality planning 

15. Appraisal of 
product 


competitors 


Held under the auspices of American 
Management Association 





Correspondence is invited on po- 
tential contributions or problems 
appropriate for discussion in this 
department. Address your sug- 
gestions to: 

J. M. Juran 

195 Beech Street 

Tuckahoe, N. Y. 











16. Determination of economic 
level of quality. 

17. Measure of process capabil- 
ity. 

18. Preparation of process speci- 
fications. 

19. Liaison between Product Re- 
search and Production. 

20. Participation in new product 
planning committees. 

21. Study of materials handling 
as it affects quality. 

Functions of defect prevention 

22. Planning defect prevention 
programs. 

23. Investigation of 
chronic defects. 

24. Trouble shooting on current 
production. 

25. Stimulating corrective action 
by other departments. 

26. Leadership in campaigns for 
Quality Mindedness. 

Functions of Quality Assurance 

27. Measure of loss due to de- 
fects. 
Rating the quality of outgo- 
ing product. 
Conduct of quality audits. 
Measuring the effectiveness 


causes of 


of inspection (usually inspec- 
tor accuracy ). 

Analysis of cost of inspection 
Measure of customer satis- 
faction. 

Measure of trend of customer 
complaints and returns. 
Preparation of executive re- 
ports on quality. 


Miscellaneous functions 

35. Study of quality implications 
of operator incentives. 
Selection, training and piace- 
ment of quality control engi- 
neers. 
Consultation service on sta- 
tistical methods to entire 

company. 

This is a fermidable list. (The 
function of inspection itself was ex- 
cluded at the very outset.) 

Needless to say, in none of the 
companies represented did the qual- 
ity control department perform this 
entire list of duties. However, every 
function on the list was being per- 
formed in one or more of the com- 
panies. 
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JOSEPH MOVSHIN, Editor 
Assisted by the Editorial Committee, St. Louis Section, ASQC 


APPLICATION—FOOD 


INDUSTRY 
CONTROL TRIMS COSTLY 
VARIATION LOSSES, E. Dalton 
White, (Food Engineering—v. 25, 
n. 3, Mar. 1953, p. 80) 

Advantages and 
realized by applying statistical 
control to problems of product 
uniformity at the Brock Candy 
Co. of Chattanooga, Tenn. 
TASTE TESTING AS AN ANA- 
LYTICAL METHOD — STATIS- 
TICAL TREATMENT OF THE 
DATA, Kjell Bengtsson, Stock- 
holm Breweries, Stockholm, 
Sweden (Wallerstein Laboratories 
16, n. 54, 


Savings are 


Communications — v. 
Sept. 1953, p. 231) 
The author describes the sam- 
pling techniques used in the taste 
testing of beer. A detailed presen- 
tation is made of the statistical 
method for analyzing the data ob- 
tained. These techniques include: 
The Binomial Theorem 
method 
The Chi Square Analysis 
method 
These are applied to: 
The Two Sample method 
The Multiple Sample method 
The Triangular Test method 
The Classification of Taste 
Testing 
Tables of probability and of sig- 
nificance of results are given. 


APPLICATION—METAL- 


LURGICAL INDUSTRY 


SOME TOOLS FOR QUALITY 
CONTROL (IN THE MECHA- 
NIZED JOBBING FOUNDRY). 
Thomas W. Curry, Lynchburg 
Foundry Co 

(Foundry—v. 81, n. 10, Oct 
p. 110) 


A general discussion of factors 


1953, 


affecting grey iron castings and 
their physical control. The need 
of accurate data on casting defects 
and their 


stressed 


cause designation is 


APPLICATION—TEXTILE 


INDUSTRY 


PLANNING AN EXPERIMENT 
IN A COTTON SPINNING MILL, 


MARCH, 1954 


Robert E. Peake, (Applied Statis- 
tics—v. II, n. 3, Nov. 1953) 

There are few published exam- 
ples of planned experiments con- 
ducted in a factory and even few- 
er on textile mill uses. In this 
article, Mr. Peake shows a typical 
example of an application and the 
method of solving the technical, 
statistical and practical problems 
that arise in determining suitable 
sample sizes and evaluating the 
various types of variation encoun- 
tered in the test results. The 
particular illustration deals with 
the evaluation of end breakage 
obtained with a modified flyer on 
a roving frame, but the principles 
are widely applicable in most types 
of textile mill experimentation 





On matters concerning the Bib- 
liography Department, send cor- 
respondence, suggestions, and 
contributions to: 

Joseph Movshin 
9220 Old Bonhomme Road 
St. Louis 24, Mo. 








APPLICATION—METAL 
WORKING 


CONTROLLING VISUAL CHAR- 
ACTERISTICS ON PRECISION 
PARTS, Aldis S. Hayes (Tooling 
and Production—yv. XIX, n. 8, Nov. 
1953, p. 94) 

This article describes some of 
the problems inherent in the vis- 
ual inspection of machine parts 
The importance of clearly defined 
objective standards is_ stressed 
The effect of the human element 
is also considered in detail. 


APPLICATION— 
MISCELLANEOUS 
APPLICATION OF STATISTI- 

CAL QUALITY CONTROL IN 





HEADS 


... only ONE body 


| Dial Bore Gages 


for “0” Rings, Snap 
Rings, Thread 
| Reliefs 


4 


A 


INTERCHANGEABLE 
Measuring Heads 


No need to order expensive new 
gages for each special internal 
gaging operation. Just One RIMAT 
Gage Body needed for any number of 
special or standard gage heads 

A wide variety of standard heads 
are available in stock for small, 
}medium and large “0” Ring 


» and Snap Ring grooves, special 


grooves, internal splines, countey- 
bores and straight bores 

Heads may be interchanged 

in seconds. Tell us about your 
special gaging requirement!! 


Write for FREE Rimat Catalog today 


TOOL COMPANY 


DEPT. 1C-1 © 21 


DAYTON ST. 


PASADENA 2, CALIFORNIA 








GLASS FABRICATION, T. R. 

; Meyer, J. H. Zambone and F. L. 

A Me A oO uU Me Cc | fe G Curcio, Kimble Glass Co , New 
Jersey 

(The Glass Industry—v. 34, n. 10, 


Oct. 1953, p. 539) 
the Com an An outline of statistical quality 
p y control at the Kimble Glass Co. 
Part I, covers general application; 


Part II reviews the development 
of application; and Part III de- 
: . - scribes some special techniques 
as Exclusive Distributors used in glass fabrication. 
QUALITY PRODUCTION, 
(Production—v. 33, n. 1, Jan. 1954, 
f 121) 

0 vt This article outlines very briefly 
the gaging and quality control 
techniques used at the Chrysler 
Indianapolis Plant producing Pow- 
er Flight Transmissions. (A Qual- 
ity Control Section is contained as 
a regular feature of PRODUC- 

. TION.) 

The BAUSCH & LOMB A STATISTICAL QUALITY 
CONTROL APPROACH TO THE 

CONTOUR MEASURING CONTROL OF PLATING SOLU- 
TIONS, Allan D. Woodell 

PROJ ECTOR (Metal Finishing—v. 51, n. 12, Dec 
1953, p. 54) 

ae The author outlines some of the 

Accurately magnified sereen necessary functions important to 
images—silhouettes or detailed statistical quality control. These 
surface views — for visual in- are inspection, analy sis, and ac- 
spection, for direct comparison tion. These are illustrated with 
with master plans, and for high- cases in point. Control charts in- 
est precision measurements. Lin- dicating applications to the plating 
ear readings to 1/10,000”; an- industry are shown 

gular, to 1 minute of arc. Fast, QUALITY CONTROL IS KEY 

easy operation; erect, unre- TO GEAR MANUFACTURE AT 

HARVESTER’S TRACTOR 
WORKS, Peter H. Slager, Inter- 
national Harvester Co., Chicago, 


Ill. 
The BAUSCH & LOMB (Machine and Tool Blue Book 
’ v. 49, n. 12, Dec. 1953, p. 168) 
TOOLMAKE R S M | C ROSCOPE Detailed outline of the produc- 
tion and quality contro] steps in 
gear manufacturing. Not statisti- 


versed image. 


Quickly measures opaque or transparent 
objects of any contour. Linear readings to 
1 10,000”; angular, to 1 minute of arc. 
Natural, unreversed images, sharply de- ae . ; 

y 2 Cony CONTROL CHARTS 


tailed for critical inspection. 
A TECHNIQUE FOR STAND- 
ARDIZING MASSED BAT- 
FOR COMPLETE INFORMATION on these, and TERIES OF CONTROL CHARTS. 
other Bausch & Lomb Quality Control Instruments, call your Stafford Beer 
local DoALL Sales-Service Store, or write: The DoALL Com- (Applied Statistics—v. II, n. 3, 
pany, 254 N. Laurel, Des Plaines, Illinois Nov. 1953) 
Mr. Beer describes a simple ap- 
paratus for presenting a large 
number (up to 50) of control 


BAUSCH G LOMB charts in a compact and compre- 


hensive manner, which simplifies 
SINCE 853 comparisons of variations. Such a 
mechanism should be especially 
interesting to textile mills with 


cal quality control 
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the large number of variables to 
be controlled from raw materials 
through finished product. 


comms SAVE QUALITY CONTROL! 


FIELD TESTING AND CORRE- 

LATION OF LABORATORY 

AND FIELD TEST DATA, Louis : : 

I. Weiner and Stephen J. Ken- Are they trying to budge your Quality Budget? 

nedy Act today! Let us help you prove to manage- 

(Journal Textile Institute—v. 44, 

Aug. 1953, p. 433) 
The U. S. Quartermaster Labo- cutting production costs, scrap, re-work, bottle- 


ment how Quality Promotion pays for itself in 


ratories have developed working necks and customer complaints. Boost employee 
correlations to predict perform- 
ance of textile materials. Experi- 
mental design, selection of test hour with America’s new and effective .. . 
subjects, and other factors consid- 


enthusiasm for more and better work per man 


ered are discussed. Examples of 
correlations are given. 


ENGINEERING AND 
EXPERIMENTS 
AN ELEMENTARY INTRODUC- 
TION TO STATISTICS—UNITS 
FOR MEASURING VARIA- 
TIONS IN MEASUREMENTS, wW. 
J. Youden, Statistical Engineering 
Laboratory, National Bureau of , 
Standards Brighten your future as you se// Quality to manage- 
(Metal Progress—v. 64, n. 3, Sept. ment, engineers, supervisors, employees, suppliers 
1953, p. 91) 
This article introduces measures 
of variations as mathematical] tools tudes into production, profits and progress. 
of use to the engineer. The aver- 
age deviation and standard devia- 
tion are described in some detail. 
The F Ratio for measuring signi- Management will thank you for the opportunity 


and customers. Build the attitudes that turn apti- 


ficance of observed differences in to view America’s newest and most successful 
variables is also described. Some 


limited discussion of the econ- 
omics of sampling. Tables of chi here’s the tested program that’s an investment 
square, F Ratio, T Ratio, and 
others for measuring significance 
of differences are given. 

DOES AN AVERAGE TELL 
ENOUGH? Alexander G. C. Pila- 
ee > Send Today for Your New Free “U” Booklet... @ 


v. 34, n. 6, June 
ISS, p. 62) | “LABOR CAN HOLD DOWN COSTS FOR YOU" 
The average is limited due to 
its failure to indicate variation The booklet that will help you sell Quality to 
among the individual figures. The your top management. Write us NOW! 
coefficient of variation is presented 
as a way of measuring this varia- 
tion among figures. This is the first —— al 
article in a series. — 
WHAT'S IN A SAMPLE? Alex- 


ander G. C. Pilavachi RALPH E. BURT ASSOCIATES 


(Modern Textiles—v. 34, n. 7, July 


Quality Promotion. In tune with our times, 


in better business for everyone! 





1953, p. 54) “Effective Communications with Employees” 


A sample should be the right 29 Worthington St. 


size to give the information de- 
sired to the degree of accuracy 
wanted. A formula for sample size 
for a given percentage accuracy 


SPRINGFIELD, MASSACHUSETTS 
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and cofficient of variation is given tests for one mean and for two MANAGEMENT AND 
Second article in a series means are given PERSONNEL, GENERAL 
DIFFERENCE BETWEEN AV- CHECKING ON REGULARITY QUALITY CONTROL IN THE 
ERAGES TRUE OR FALSE? TESTS, Alexander G. C. Pilavachi U. S. A.. Edward D. Van Rest 
Alexander G. C. Pilavachi (Modern Textiles v. 34, n. 10, (Applied Statistics—v. II, n. 3, 
(Modern Textiles—v. 34, n. 9, Sept Oct. 1953, p. 70) November 1953, p. 141) 
1953, p. 90) The last of Mr. Pilavachi’s series A survey of quality control 
This third article in the series discusses significance tests for practice in the U. S. It is noted 
by Mr. Pilavachi discusses the standard deviations. The F test is particularly that quality control is 
significance of averages of sam- illustrated and a table of F values usually regarded in Great Britain 
ples. Calculation for significance given as a statistical subject, but 
in the U. S. as a branch of man- 
agement concerned with the con- 
trol of quality, and control in- 
volving not only manufacture to 
a specification but also satisfac- 
tion of the consumer's needs. The 
following aspects are considered: 
Scope, Organization, Administra- 
tion of Quality Control Depart- 
ment, Statistical Techniques, In- 
spection Specifications, and Teach- 
ing 


THEORY AND APPLICATION— 
GENERAL 
QUALITY CONTROL THROUGH 
STATISTICAL METHODS: III 
WHAT IS WRONG WITH MAXI- 
MUM VARIATION?; Norbert 
Lloyd Enrick 
(Modern Textiles v. 24, n. 12, 
Dec. 1953, p. 79) 
Mr. Enrick continues his discus- 
S HA DOG RA p by sion of variation in this third arti- 
eee cle of the series. The maximum 
“ «2 e e variation, a maximum range, is 
For Fast Precision We: hi n discussed and compared to the co- 
g g efficient of variation. Variation 
considerations are presented 
These cover: 
SHADOGRAPH's shadow-edge indication is projected by a a) Within-Delivery variation 
b) Within-Machine variation 
c) Between-Machine variation 
Overall variation 
achieved through reduction of lever movement and by the QUALITY CONTROL THROUGH 
STATISTICAL METHODS: IV 
, PROCESS ANALYSIS Norbert 
be made from any angle without danger of parallax. Ideal for Lloyd Enrick 





beam of light, eliminating all friction of indicating mechanism 


and inc reasing visible accuracy over 300‘ Greater speed 1S d) 


action of an adjustable damping device. Accurate reading can 


precise compounding, for weighing very costly materials, or (Modern Textiles—v. 35, n. 1, Jan. 
1954, p. 49) 

A detailed discussion of the 
able in capacities from 50 grams to 1500 grams, sensitivity as analysis of process variation illus- 
fine as 12 milligrams. Write for complete details on Shado- trated by examples in a textile 
, mill. An “Action Chart” outline for 
graph Center-tower models satiate ol exmitetemn te aienen the 

analysis ariance is given. Cri- 
teria for action is expressed in 
coefficients of variation which are 


0 discussed in earlier articles in the 
xack Welg = 


Better quality control SL La L Z 4 STATISTICS 
Better cost control SAMPLING DESIGN USED BY 
THE EXACT WEIGHT SCALE COMPANY THE MINISTRY OF EDUCA- 
TION, G. F. Peaker (Royal Stat. 


957 W. Fifth Avenue, Columbus 8, Ohio Soc., Journal—A, v. 116, pt. 2, 1953, 
2920 Bloor St. W., Toronto 18, Canada p. 140) 


tor dozens of other uses calling for extreme accuracy. Avail- 
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ESTIMATION AND COMPARI- 
SON OF STRENGTHS OF ASSO- 
CIATION IN CONTINGENCY 
TABLES, A. Stuart 
(Biometrika—v. 40, June 1953, p 
105) 

METHOD FOR JUDGING ALL 
CONTRASTS IN ANALYSIS OF 
VARIANCE, H. Scheffe 
(Biometrika—v. 40, June 1953, p 
87) 

£ EQUENTIAL TEST FOR RAN- 
DOMNESS, P. G. Moore 
(Biometrika—v. 40, June 1953, p 
111) 

NON-NORMALITY IN TWO- 
SAMPLE T-TESTS, D. G. C 
Gronow 

(Biometrika—v. 40, June 1953, p 
222) 

APPROXIMATE CONFIDENCE 
INTERVALS, M. S. Bartlett 
(Biometrika—v. 40, June 1953, p 
12) 

EXPERIENCES OF CORRELA- 
TION ANALYSIS, D. G. Beech 
(Applied Statistics — v. 2, June 
1953, p. 73) 

ECONOMICS OF SEQUENTIAL 
SAMPLING PROCEDURES FOR 
DEFECTIVES, D. G. Champer- 
nowne 

(Applied Statistics — v. 2, June 
1953, p. 118) 

ORIGIN AND DEVELOPMENT 
OF FACTOR ANALYSIS, D. F. 
Vincent 

(Applied Statistics v. 
1953, p. 107) 

CHAIN BLOCK DESIGN, W. J 
Youden and W. S. Connor 
(Biometrics—v. 9, June 1953, p. 
127) 

DESIGN AND ANALYSIS OF 
TRIANGULAR SINGLY LINKED 
BLOCKS. K. R. Nair 
(Biometrics—v. 9, June 1953, p. 
141) 


2. June 


OPERATIONS RESEARCH 


OPERATIONS RESEARCH, Mor- 
ley G. Meldon 

(Factory Man. and Maint.—v. 111, 
n. 10, Oct. 1953, p. 113) 

In this article the author defines 
many of the terms used in opera- 
tions research techniques. The 
definitions include the kind of 
problems solved by the various 
techniques and the statistical 
methods employed. 
OPERATIONS RESEARCH— 
NEW TOOL OF INDUSTRIAL 
SCIENCE, Russell L. Ackoff, Case 
Institute of Technology, Cleveland 
(Industrial Laboratories—v. 4, N. 
11, Nov. 1953, p. 64) 
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all Ames products are extremely accurate and sensitive, yet 
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Operations research is described and A. W. Marshall this Journal contains a table of 


as a technique applicable to in- 
dustrial problems and situations. 
Problems and models are de- 
scribed in industrial situations. 
Diagrams illustrate operation re- 
search approaches to specific in- 
dustrial problems. 

SAMPLING METHODS IN 
RAILROAD ACCOUNTING, W 
R. Van Voorhis 

METHODS OF REDUCING 
SAMPLE SIZE IN MONTE CAR- 
LO COMPUTATIONS, H. Kahn 


L. Everett 


STATE PROBABILITIES IN 
CONGESTION 
CHARACTERIZED BY 
STANT HOLDING TIMES, John 


search Society 
n. 5, Nov. 1953) 


In addition to the above articles, 1953, p. 57) 


contents for the five issues in Vol- 
PROBLEMS ume 1. This covers the November 
CON- 1952, February 1953, May 1953, 
August 1953 and the November 
1953 issues 


COMBAT PROBLEMS, WEAPON 
SYSTEMS AND THE THEORY 
OF ALLOCATION, Alvin Kar- 
chere and Frances P. Hoebe» 

(Journal of the Operations Re- 
of America—v. 


REPORTED—NOT REVIEWED 


CONCLUSIONS FROM AN OB- 
SERVED PROPORTION, F. Pros- 
1 chan 


(Sylvania Technologist—v. 6, July 





me! a 


ON TRUNCATED SAMPLING WITH c oO 


Problem 8, proposed in the May issue, was partially 
discussed in the November issue. Your editor asked 
Professor Mosteller of Harvard University to comment 
on this problem. His remarks seemed to have several 
new contributions: 1) how to reduce considerably the 
bias in the intuitive estimate and 2) to give approxi- 
mately the variance of the intuitive estimate. Professor 
Mosteller’s letter follows 


Dear Paul, 

The question you ask arises from time to time, and I 
have often worried about it. This time I got a little 
further than usual. As you imply, for this problem the 
unique unbiased estimate of the percent defective based 
on inspection of one lot is 100 if the first item is defec- 
tive, zero otherwise. Most people do not like this 
because it violates their intuition to estimate the per- 
cent defective as zero when they have just observed, 
say, one out of eight items to be defective. 

Let us remember the inspection plan being used. The 
acceptance number is zero, rejection number one, 
truncated single sampling, with n=50 non-defectives 
required to accept the lot. This means that the percent 
defective expected in the process must be small, other- 
wise quite a large percentage of lots would be rejected, 
and either the process would be closed down for im- 
provement or else the inspection plan would be relaxed. 
Lots with 0.1 percent defective have a 95 percent chance 
of being passed. So we can suppose that the percentage 
defective for the process is expected to be about this 
small. The main point is that the process p is very 
small. This makes it »ossible to derive some approxi- 
mate results 

You suggest that in estimating for the outcomes for a 
sequence of lots the unbiased estimate might not be so 
foolish. This is indeed the case. First of all, one has a 
choice of a large number of unbiased estimates, sec- 
ondly they do not appear quite as silly as in the case 
when only one lot is involved. There are so many 
estimates though, that one can scarcely investigate them 
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all. I did investigate one, and I found that for small p 
the effective sample size was equal to the number of 
lots inspected. This seems rather expensive in observa- 
tions, so I considered the more usual case for the esti- 
mate of proportion defective 


number of defectives 
p : : 
total items inspected 


I found this estimate to be only slightly biased for small 


p's. Indeed the expected value (see note I) is about 


1 
p (14 2k is) 


where k is the number of lots inspected. This means 
we could approximately unbias the estimate by dividing 
it by [1 + 1/ (2k — 15)]. 


Furthermore the variance of the estimate is about 


p , 2k 1 ) 
(k 1)n 2k (k 1)n 


where the second term in parentheses can be neglected 
unless n and k are both small. You may wonder where 
q is because the binominal variance is pq, but recall that 
p is practically zero so q is practically unity. If k is 
small, dividing the estimate by [1 + 1/ (2k 1.5) ] may 
be a good idea, and then the variance is divided by the 
square of that quantity. So for large n, but small k, the 
estimate p and its variance would be roughly 


defectives 


total inspected ( 1 


‘ 


= p 


F Dest 7 
n(k 1) ( 1 + 


2k 
You will notice on comparing this with the binomial 


form po/n that the effective sample size is larger than 
n(k—1) which is a large improvement on an effective 
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sample size of k mentioned earlier for the unbiased 
estimate. 

So what it all comes to is that the usual estimate is 
pretty good, and that it can be improved on slightly by 
dividing by a factor. Remember all of this was for small 
p. As p gets larger the analysis above gets less and less 
a_curate 

Finally, I tried out this approach on k~=100 lots 
(n=50) with known p=0.01. The ratio of estimate de- 
fectives to total items was 0.0111, a correction not worth 
bothering about. The standard deviation is \/ p/n(k~—1) 

0.0014, so we are less than a standard deviation from 
the true value 

For the example given by you, 2/125 would be the 
estimate, or one percent (see note II) 

Now the trouble with this whole thing is that it as- 
sumes the process is under control when the estimate 
is* being made. If it is not, then Cochran’s article, 
“Analysis of Variance for Percentages Based on Unequal 
Numbers,” J. Am. Stat. Assoc., 1943, 38, 287-301, applies. 
I would think that for the setup implied by this sampling 
plan the estimate I have described would be appropriate 

it corresponds to binomial weighting in Cochran’s 
article. Equal weighting would be more appropriate if 
we thought there was a great deal of variation from lot 
to lot—say from zero to 25 percent defective. Equal 
weighing would give (0 + 0 + 17 + 2.5 + 0)/5 4 
percent as an estimate for your example. However this 
estimate is extremely biased and needs dividing by 
something a little smaller than 

1 ‘ 
Inn +-~— + 0577 
2n 
which for n=50 is about 4.50, so we get back an answet1 
just about one percent again. 


Best regards, 


FREDERICK MOSTELLER 
Mathematical Notes 
I. The bias in p was approximated by noting that if p 
were sufficiently small the probability associated with 
more than one lot being rejected could be neglected. 
The probability of observing (k—1) accepted lots and 
one rejected lot with t non-defective items is 


k p q!*—la+t t=0,1,...n—]1 


and the estimate of p is total defectives/total observed 
items which for the case of one defective is 


l 
(k—1)n 


so the expected value of p is roughly 


1 
k pq'*—1n 


E j= 
(Pest) (k—1)n 


But q'* ''"** is nearly one because p is so small, so 


l)n 
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Now if 


op k 
og bn 2 kn 12 k-n* 


log (k 1)n 
S,~S, =log | 2k(k —1)n 


then 


- y 1 ) 1 
"s \ k 2k(k—1)n 


\ 


E(p..) pk| 


Neglecting the seccnd term in brackets gives 


1 
E (Dox k log {| 1- 
(Rect) P| log ( k ) | 


By crude curve fitting it turns out that 
k log ( 
so a good estimate of p would be 
defectives 


Pest 


total inspected (1 + > 


If k is large, the correction is negligible. The variance 
is obtained in the same way, but we have the sum 1/x* 


instead of 1/x. 


Il. 2/195 for five lots 


0.915% 


Equal weighting gives 


19.3 
3.86% 


The new bias factor for equal weighting is about 4.50 
(not this big) so the adjusted value is 

3.86 

4.50 


0.858; 


which is close to the 0.9 percent we got for the adjusted 
binomial weighting. 


Equal weighting for my 100 lots gives 


S 1/x = 4.0185 





Therefore the estimate of p is, before adjustment, 


41.0185 


Estimate 


0.0402 


100 


or four percent 


ts maximum value, occurring when p 
example is about 4.50 


1/2n + 0.577) which in our 
Therefore the final estimate is 
4% 
4.5 


0.889; 


Now the adjustment depends on p but 


0, is (in n 


and this estimate is known to be biased downward 


Can we get a second order adjustment? Yes, replace 
0.577) by a new 


the correction term 1/(In n + 1/2n 


correction term 
l (Pest). 


Inn + ——+ 0.577 
2n 


where (p,,;)» is the first adjusted estimate, and multiply 


this by total defectives/total items 


N (Preto 


Adjusted Estimate 


The sequence Is 


Adjusted estimate, 


(Post) o 


Final adjusted estimate 


Pest — 1 


Final Adjusted Estimate 


total defectives 


total items 


Estimate p 
1 


Inn _ 
2n 


Estimate [1— (p..,), ] 


In n 0.577 n(p, 


2n 


For our example of 100 lots this gives us 


Estimate = 4.02% 
0.889° 


0.985%. 


The last adjusted estimate agrees reasonably well with 


the binomially weighted estimate of 1.1 percent. 
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ELLIS R. OTT, Editor 
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(Use of Tables of the Binomial) 


Cc. J. KIRCHEN 


Lincoln-Mercury Div., Ford Motor Co., Detroit, Mich. 


INTRODUCTION 
The author’s candidate for the 
honor of being the ugly duckling is 


n! 


p*(1 p)" x 


x!(n-x)! 


This, of course, is none other than 
than a general mathematical expres- 
sion for any term of the binomial 
[p+(1—p]", where n is the size of a 
sample drawn from a lot whose frac- 
tion defective is p and whose frac- 
tion effective is 1—p, and with the 
condition that p remains constant as 
the successive items of the sample 
are drawn. The expression given 
above has long been recognized as 
being directly applicable to statistical 
quality control where quality is 
measured in terms of fraction de- 
fective. Its “ugly duckling” charac- 
ter stems from the fact that wt le it 
is simplicity itself to define the tool 
to be used for such quality control 
problems, actual use of the tool has 
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been very discouraging because the 
required calculations are very tedi- 
ous to make 


AVAILABLE TOOLS 

The change from “ugly duckling” 
to “beautifui swan,” in keeping with 
the Hans Christian Andersen story, 
has been accomplished through the 
availability in recent years of tables 
which provide values of individual 
terms and of sums of terms.* The 
author has had access to the Nation- 
al Bureau of Standards Tables, and 
after some usage of this book, he de- 
cided to prepare tablest abbreviated 
as follows: 

1. Restrict sample sizes to four 
and to multiples of five from 
four to 45 (NBS Tables include 

*Tables of the Binomial Probability Dis- 

tribution, NBS AMS6, Supt. of Documents, 

Government Printing Office, Washington 

25. D. C., 390 pp 

H. G. Romig, 50-100 Binomial Tables, John 

Wiley and Sons, New York, 1953, 170 pp. 
+These tables were prepared by the au- 


thor when he was with the Air Materiel 
Command, USAF 


all sample sizes from two to 49); 
in standard notation: 4, 4(5)45; 
2. Restrict values of p from 0.01 to 
0.10 by intervals of 0.01; from 
0.10 to 0.30 by 0.05; from 0.30 to 
0.50 by 0.10; in standard nota- 
tion: .01(.01).10(.05).30(.10).50. 

3. Restrict decimal places from 

seven to three. 

The special feature of these ab- 
breviated tables is the inclusion of 
both cumulative and individual (ex- 
act) probabilities of numbers of de- 
fectives in the sample. Probabilities 
for an exact number of defectives in 
a sample ace indicated by column 
headings including an x; those for 
cumulative probabilities by column 
headings including a c. Any entry 
in a cumulative probability column 
is the sum of the entries.in the two 
columns immediately to the left in 
the same row. The user will im- 
mediately see that the sum is some- 
times “incorrect” by one unit in the 
third decimal place (decimal points 
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Binomial Probability Tables—n 


1000 
1000 
998 001 1000 
988 oll 998 002 1000 
945 043 989 010 999 001 1000 


were omitted throughout the tables 
proper—each set of three digits is to 
be understood to be preceded by a 
decimal point).* = — =a we 
As is implied above in the footnote ¢ 996 004 1000 
to the above paragraph, probabilities 5g 3 992 008 1000 
for exact numbers of defectives are , ' — 999 1000 
given in NBS Table I; cumulative : : i — — 
probabilities for at least a given 596 9: 039 997 
number of defectives are given in 5 946 050 995 
NBS Table II. The author preferred z 933061 994 
to tabulate probabilities for at most , os es 4 se 
a given number of defectives, com- ; 37205 on 
parable to the statement of accept- 25 396 633 264 x96 
ance numbers in sampling inspect- 309 837 
tion 346 683 
313 500 


VARIOUS USES OF THE TABLES 
Exaiaple 1. A sample of ten items is 
taken at random from a lot (a lot 
should be at least ten times the 
sample size) for which the process 
average has been established as 0.06 
defective. What is the probability 
that the sample will contain (1) ex- 
actly three defectives; (2) not more 
than three defectives; (3) less than 
three defectives; (4) at least three 
defectives? 

Solution: We have n=10 and p=0.06. lenses for reducing aberration. Easy to hold, 


This magnifier is a 
favorite in tool rooms 


Combines extremely wide field (234”) with 


moderately high magnification (3.5X). Double 


For (1) exactly three defectives, in 
row p=0.06, column x=3, we find 
0.017; for (2) not more than three \ dustrial suppliers. See complete line $1 to $25. 
defectives, use column c=3, and we  — sal 
find 0.998; for (3) less than three de- | Bausch & Lomb Optica 
fectives, use column c=2, and we Writetoday f 90227 Bausch St., 
find 0.981; and for (4) at least three Ser telt-alt 
defectives the probability is 1 — (col. nendbeshend § Rochester 2, N.Y. 
Cc 2) 1 0.981 0.019 catalog, i 
“INDUSTRIAL 

*This apparent inaccuracy is a result of MAGNIFIERS, I 
the principle used in rounding off the seven- HOW TO " 
decimal place values of the NBS Tables: a 
tape adding machine was used to obtain CHOOSE AND 
successive subtotals of the entries in NBS USE THEM" i 


Table I, which were then rounded to three 
decimals. For example, for n-=4, p=—0.01 ] 


tough plastic mount. Only $3.60 at leading in- 


and c=1, the tabular value is 0.999, while 
the tabular values of the two columns to 


the left in this row are. respectively, 0.961 Cc 2 
and 0.039, whose sum is 1.000, not 0.999 B 
However. the seven-decimal place values él — 
from NBS Table I are 0.9605960 and 0.0388120 * y 


whose roundings are 0.961 and 0.039, but 
. fe 
Industrial Magnifiers 


their sum is 0.9994080, whose rounding is j 





0.999. All other “‘discrepancies” arise in the 
same way. 


MARCH, 1954 





Example ) Fo sample 
sizes, binomial tables also provide a 
plotting operating 


sampling 


prescribed 
rapid means of 
characteristic curves for 


plans. If we have an acceptance 
number of zero, use entries in an 
x ~0 column to find the probability 
(p,); for any cther 


number, use entries in 


of acceptance 
acceptance 
the column headed by c=acceptance 
number. For example, if in MIL- 
STD-105A, Inspection Level I is be- 
ing used, and lots run from 111 to 
180 pieces, the single-sample size is 
ten. For an AQL of 10.0, the ac- 
ceptance number is two, so by plot- 
ting probabilities in the c=2 column 
against the various lot fractions de- 
fective, the operating characteristic 
curve can be obtained 

Example 3. In contract to the col- 
umn-wise use of the tables for plot- 
ting OC curves, the rows of the ta- 
bles (using only the entries in col- 
individual 
i.e., those headed DY 


umns giving values of 
probabilities 


x's) provide a means of construct- 


ing histograms for binomial dis- 
tributions. A histogram can be con- 
structed as follows choose values of 
n and p, say n=5 and p=0.15. Ona 
scale, mark off points to répresent 
x 0, 1, 2, 3, 4 (no tabular value is 
given for x5 because (0.15)° 
0.0000759< 0.0005). At these points 
erect ordinates proportional — in 
length to 0.444, 0.392, 0.138, 0.024, 
0.002, these being values of the prob- 
ability read off in the tables for n=5 
and p~-0.15. With 0.444 as height, 
rectangle whose base 
0.5 to 0.5; with 0.392 
rectangle 


construct a 
extends from 
as height, 

whose base extends from 0.5 to 1.5; 
continue similarly with the remain- 


construct a 


ing perpendiculars. The total area 
of the five rectangles is 1.000; which 
corresponds to the probability of ob- 
serving 0, 1, 2, 3, or 4 defectives 
when any sample of size n=5 is 
drawn from a (large) population o1 
process that is operating at a 15 per- 
cent level of defectives. (We must 


remember that the probability of 


observing tive defectives under the 
stated conditions is less than 0.0005.) 
The average value of x can be ob- 
tained in either of two ways: 

1. Find the products of the intege1 
values of x and the correspond- 
ing probability and then find 
their sum: (0)(0.444) + (1) 
(0.392) + (2)(0.138) + (3) 
(0.024) + (4)(0.002) 0.748 
Find np=5(0.15)-0.75. This 
method is always correct for 
the binomial distribution. The 
method given in (1) is correct 
for any distribution 


EXTRACT FROM AUTHOR'S 
TABLES 

Space does not permit publication 
of the complete tables computed by 
the author. Only the portion fo 
n=5 and n=10 accompany this pa- 
per. These show the reader the for- 
mat used. Copies of the complete 
table are available from the autho: 
at 1507 Abbott Avenue, Ann Arbor 
Michigan 


When Does 1% Trouble Equal 30% Trouble! 


— of us are in industries 
, where a multiple number of our 


produced items are simultaneously 


used in an end-product device; i.e., 
as many as 30 tubes can be used in 
one TV set, or as many as 100 con- 
densers is not unusual in a single 
electronic device 

It the end-use device simultane- 
ously utilizes any number of items 
in such a way that the failure of just 
one component will cause the entire 
apparatus to be entire y inoperative, 
then we are inadvertently involved 
in the laws of compound probability 
and one percent trouble may easily 
equal 30 percent trouble! 


PROBLEM 1 
paradox of one percent leading to 
30 percent trouble. A manufacturer 
of a five-tube radio set has noticed 
that five percent of his assembled 
sets are inoperative due to defective 


Let’s trace the strange 
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tubes and jumps to the conclusion 
that the tubes he purchases must be 
defective. The 
manufacturer later starts manufac- 
turing 30-tube TV sets and notices 
that ten percent of his assembled TV 
sets are defective due to inoperative 
tubes. Doesn't this prove that the 
quality of incoming tubes to the plant 
is now worse than what it was when 


five percent same 


, 


he was manufacturing radio sets’ 


ANSWER: No, this does not prove 
that tube quality is worse, but by 
coincidence proves that the quality 
level is better! 

If a product such as radio tubes is 
produced with a quality level of one 
percent defective and five tubes are 
installed in each set, then due to the 
laws of probability, the chances of 
set failure are increased to 4.9 per- 
cent. (That is, any random selection 
of five tubes will result in one or 
more defects 4.9 percent of the time.) 


If the tube quality level remains 
at one percent, and a set manufac- 
turer begins the production of 30- 
tube sets, his chance of getting in- 
operative sets because of tube fail- 
ures will increase to an average of 
about 25 percent. That is, about 25 
percent of the random selections of 
30 tubes would contain one or more 
defectives 


CONCLUSION: Since the questione: 
stated that he was getting only ten 
percent failures of his 30-tube sets 
(due to tubes), this indicates that the 
tube quality level must be about 0.33 
percent. In other words, his tube 
suppliers who had been supplying 
tubes with a quality level of one per- 
cent are now supplying a much bet- 
ter quality level of about 0.33 per- 
cent. A tube quality level of ap- 
proximately 0.33 percent will result 
in one or more defective tubes in a 
30-tube sample about ten percent of 
the time 
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A convenient chart for predicting 
the number of assembly failures due 
to the percent defective of individual 
components in any assembly is shown 
in Fig. 1. This is the chart we used 
to supply the preceding answers to 


Problem 1 


PROBLEM 2 
percentage of set 
30-tube sets than in five-tube sets as 
mentioned in the first problem? 


Why should a greate: 
failures occur in 


APPROACH: If a group of tubes 
are running one percent inoperative 
and such tubes are selected at ran- 
dom and installed in a five-tube set, 
this is in effect equivalent to select- 
The ques- 
what 


ing a “five-tube sample.” 
tion therefore as to 
percentage of the time may we ex- 
pect at least one defective tube in a 
five-tube sample 

The probability P, of getting zero 
tubes, with 


arises 


defects in five process 


average p is (1 — p)*, or in general 
of getting zero defects in n tubes is 
(1 —- p)' 5 and the 
process average is p 0.01. There- 
fore, P, (1 - 0.01)° 0.951 or a 
probability of 95.1 percent of finding 
no defects in a sample of five. This 
in turn means a probability P, of 
(1.00 — 0.951) 0.049 or 4.9 percent 
of finding samples of five with one o: 


In this case, n 


more defectives 

By repeating the foregoing process 
for various assumed process averages 
(p values) and assumed group sizes 
(n) we can create operating curves” 
such as shown in Fig. 1. For example, 
by reference to the figure, it will be 
noted that if incoming tubes to a set 
manufacturer are one percent defec- 
tive, then 4.9 percent of the time the 
manufacturer will find defective sets 
due to at least one defective tube in 
each five-tube kit. 

With the same incoming quality 
level of tubes (one percent) the set 
manufacturer would find 25 percent 
of the sets bad if he were manufac- 
turing 30-tube sets. Since the ques- 
problem stated that in a 
30-tube set he was getting ten per- 
cent failures, this indicates, as noted 
from the curve, that the quality level! 
of the incoming tubes must be about 
0.33 percent. Thus, to obtain the 
probable set failure value for any 
given percent defective tubes, it is 
merely necessary to regard the num- 


tioner’s 


*Satisfactory values of 
obtained from the tables 
nential Binomial Limit, E. C 
Nostrand, New York, 1947 


(1 - p)" can be 
Poisson's Expo- 
Molina, D 


Van 
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ber of tubes in the set as a sample 
size. Then determine from Fig. 1 the 
probability of finding one or more 
defective tubes out of this sample 


size 


Although the foregoing explana- 
tions referred to tubes, the 
same char‘ can be used for any other 
manufacturer is 


have 


product; i.e., if a 
purchasing small condensers which 
are running 0.2 percent 
and 100 of these condensers are used 
then he 
out 


defective. 


in one assembled device, 
might expect 18 percent failure 


of many completed assemblies 


As an example of other uses of Fig. 
1, let us assume that a chain manu- 
facturer makes strength tests on in- 
dividual links. Assume further that 
0.2 nercent of individually tested 
links fail at a 10-lb. pull and that 
one percent fail at a 50-Ib. pull. 


PROBLEM: What the 
overall expected failure of a large 
number of chains, if each were com- 
links from a 
the 


would be 


posed of 50 selected 


greup with foregoing failure 
J 


values? 
ANSWER: Referring to the chart 


under 0.2 percent failure, this inter- 
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Figure 1—Probality of Finding Inoperative Radio Sets Due to One or More Inoperative Tubes 
in Kit 
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sects the n 50 curve at the ten 
percent failure point. Therefore, we 
predict an average of ten percent of 
finished 50-link chains would fail at 
a pull of 10 lb. Similarly it will be 
observed that 40 percent of 50-link 
finished chains would be expected to 
fail at 50 lb 

NOTE 1. It is very important to 
remember that the foregoing applies 
only where the components are 
simultaneously in use and where the 
failure of any one component would 
cause the entire assembly to be in- 


operative 


If, for example, 50 switches were 
used in some electronic device, but 
the operation of the device was such 
that only one or two switches were 
used at a time, then it would not be 
valid to use the chart shown in Fig. 1 


NOTE 2. In addition, it should be 
noted that the chart is based on the 
premise that the various components 
involved have approximately the 
same quality level. Thus, assume 
that the 30 tubes used in a TV set 
are divided as follows: 


19 tubes with quality level of 1%, 
20 tubes with quality level of 0.4% 


Direct computation (making allow- 
ance for the two groups) gives an 
expected value of 16.55 percent. A 
weighted average of the two groups 
is 
10(1) 20(0.4) 
30 


0.6 


If we enter the chart with n 30 
and p — 0.6 percent, we estimate the 
number of TV set failures to be 17 
percent 
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“... BUT NOT FORGOTTEN” 








ALBANY The Dec. 8 meeting of this section was 

held at Panetta’s Restaurant at Menands, 
N. Y., and featured Brainard Sooy, Gardner Board & 
Carton Co., as the after-dinner speaker. Mr. Sooy spoke 
on “SQC in Paper Making and the Graphic Arts.” He 
also set a record at this section. Of the 48 members and 
guests present at the meeting, 45 rated the speaker 
“excellent” and three rated him “good.” 

Frank Wilcoxon spoke at the Jan. 12 dinner meeting 
on the subject “Some Rapid Approximate Statistical 
Procedures.” Ralph E. Wareham, past president of 
ASQC, was a guest at this meeting 

The section is pleased to announce that through the 
efforts of the education chairman, J. H. Davidson, 
arrangements were made with Union College, Schenec- 
tady, to offer a course in operations research during the 
spring semester. The course is being held on Monday 
and Wednesday evenings at 7:00 and is being taught by 
Paul Gunther, General Electric Co 


The January meeting of this section pre- 
sented as the speaker A. C. Rosander, 
Bureau of Internal Revenue. His address was divided 
into two parts, the first covering what he felt were the 
various applications of statistics to accounting. His main 
stress in this area was the applications of probability 
theory, particularly sampling, to auditing, and the in- 
frequency with which this is done. The second part 
dealt with some of the probability controls used by the 
government in its tax administration. After his formal 
talk he showed the group some of the probability dis- 
plays he uses in his courses at George Washington 
University. 
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BOSTON 


Mason E. Wescott, Rutgers University, 
spoke at the regular meeting of this 
section on Jan. 25. Dr. Wescott told the section about 
the experiences of the UN statistical quality control 
team which was sent to India in the fall of 1952. 
BUZZARDS BAY Lester Glickman, USN Central 

Torpedo Office, presided at the 
Feb. 9 meeting of this section which was held in the 
Personnel Building. Hathaway Mfg. Co., New Bedford 
The speaker at the meeting was Warren Purcell, Rath 
and Strong, Inc. 


CHICAGO 


BUFFALO 


The Jan. 20 meeting of the section was a 
very interesting one with R. I. Tenney, 
Wahl-Henius Institute, leading off with a good discus- 
sion of “SQC—a Radar for Brewery Management.” The 
second hour of the afternoon session was on “Controlling 
Process Variables at International Harvester.” The eve- 
ning was devoted to a panel discussion on “Quality 
Control in the Pharmaceutical Indvstry.” Participants 
were Dr. Harry E. Si: gen, Karl Bauer and Jesse Owens, 
all of Abbott Laboratories. This was further evidence of 
how SQC can work everywhere. SQC “duz” everything. 

The second in the series of advanced sessions was held 
at Navy Pier on Feb. 3. The general topic of differences 
in variances was the theme of the meeting. An extremely 
able job was done by Dr. Marjorie Sutherland with 
“Significance of Differences in Variances” and also by 
Peter K. Kuffner, USAF, on “Significance of Differences 
in Proportions.” 


CLEVELAND On Feb. 5, this section held its regular 
monthly meeting. The speaker was 
Dorian Shainin, Rath and Strong, Inc. Mr. Shainin’s 
topic was “Tolerance Accumulation Problems.” 

On Jan 28, the executive committee of the section 
held a meeting at the Cleveland Engineering Society 


Building. 
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On Sunday, Feb. 7, the educational committee of this 
section put on a half-hour television program ove! 
WNBK, Channel 4. This program was produced in 
co-operation with the Cleveland Technical Society’s 
Council and was directed at creating an interest in the 
field of quality control among high school students 
This series is entitled “Adventures in Engineering.” 

Programs representative of different branches of the 
engineering profession are televised to familiarize high 
school students with the scope of the various branches 
of engineering as a possible career. 

Wendell Abbott as chairman of the educational com- 
mittee was in charge of the organization of the program 
and also participated in its presentation. 


DAYTON L. R. Harrington, King-Seeley Corp., ad- 
dressed this section’s Jan. 20 meeting 
Mr. Harrington’s subject was “Quality Concepts and 


Their Effects on Quality Control.” 
DELAWARE 


Speaking before the largest meeting 
of the season, Lawrence M. Debing 
of Monsanto Chemical’s Plastics Division, discussed 
“Process Control in Chemical Operations.” A_ lively 


question and discussion period followed the talk 


DENVER Richard H. Blythe, Air Defense Command, 
presented a talk on “Beyond the Control 
Charts” at the Feb. 9 meeting of this section. 

Mr. Blythe, who is a member of the section, pointed 
out some of the economic aspects of multistage and 
stratified sampling of finite populations, using timber 
volume problems of the U. S. Forest Service as ex- 
amples. 

To point out the close and often overlapping rela- 
tionship between quality control and operations re- 
search, he presented the problem of purchasing an 
acoustical aid for the Ground Observer Corps. By 
means of a properly designed statistical experiment, the 
Air Defense Command was able to evaluate the equip- 
ment using a small sample tested under numerous oper- 
ating conditions 


ERIE Our Jan. 6 program featured Quentin Dobras 

of General Electric’s Lighting Institute at 
Nela Park in Cleveland. Mr. Dobras substituted for 
E. A. Lindsay, who originally had been scheduled. We 
were all given something to think about regarding “spe- 
cialized lighting for inspection and control.” Unfortu- 
nately bad weather hampered our turnout at this 
meeting. 

Our three study groups—‘wo in Erie and one in 
Corry, Pa—completed the basic course in statistical 
quality control during January. H. S. Herrick, course 
director, announced that 73 of the 101 enrolled in the 
classes successfully completed the required units of 
work. Seventeen area industries were represented in 
the course. Special wallet sized certificates were issued 
to the 73. The certificates which carried the sanction of 
the Erie section were designed by Dave Ferrell, Erie 
Resistor Co. Such a continued interest has been shown 
in the area that the education committee has announced 
that the course will be repeated in the fall of 1954. 


EVANSVILLE- 
OWENSBORO 


The January meeting of this section 
was held in the General Electric 
Plant conference room at Owens- 
boro. Charles Latimer, Nickey Bros. Lumber Co., made 
an interesting presentation of some problems encoun- 
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tered in the lumber industry. He illustrated his talk 


with slides showing various types of control charts they 
have found effective. Following the meeting the mem- 
bers spent about an hour asking additional questions 
and enjoying an informal conversation with the speaker. 


INDIANAPOLIS All members had a very instruc- 
tive and pleasant evening at this 
section’s Jan. 19 dinner meeting. Miss Bonnie Small, 
Western Electric Co., Allentown, Pa., presented “The 
Inside Story of Quality Control.” Joe Ellis, Blooming- 
ton, Ind. also gave an entertaining talk on the lighte: 
side 
The spring semester of the section’s training program 
started on Jan. 26. Three classes are being offered this 
semester. The first class on fundamentals and control 
charting is being taught by Frank Weeks, Allison Div.. 
GMC, and Robert Bacon, Dunnington Mfg. Co.; the 
second on sampling, by W. C. Bissing, Eli Lilly and Co.; 
and the third entitled “Probability at Work,” by Dr 
E. P. King, Eli Lilly and Co 


INDIANAPOLIS The Indianapolis section 
Lafayette Subsection takes great pleasure in an- 

nouncing the formation of its 
first subsection which will hold meetings in Lafayette 
To complete the organization, temporary officers for the 
subsection have been appointed as follows: 


Irving W. Burr 


Purdue University 


Harold E. Wilson 
Ross Tool & Gear Co 


Chairman: 


Vice Chairman 


John Kamstra 
Fairfield Mfg. Co 


Secretary 


The January dinner meeting of the 
section was attended by 60 mem- 
bers and visitors. J. A. Harrington, Chief Engineer of 
the Do All Co., who was the speaker of the evening. 
discussed the relationship of inspection gages to quality 
control. He stressed the requisite of accuracy of inspec- 
tion gages to attain reliable statistical records. It was 
noted that there is a universal interest in the further- 
ance of the adoption of the light wave as a standard for 
linear measurement. The Do All Co. displayed some of 
their more recent developments in precision gaging and 
instrumentation 


LINCOLN 


KANSAS CITY 


This section held a dinner meeting on 
Jan. 15 at the Capital Hotel. Addressing 
the meeting of 23 members and five guests was Prof 
Miles Barnard, University of Nebraska. Professor 
Barnard gave an excellent and interesting talk on “The 
Operating Characteristic Curve.” 


LOS ANGELES The use of quality control in the 
field of accounting and industrial 
management was the topic discussed at the Feb. 17 
meeting of this section. Roland L. Roy, associate, and 
Kenneth L. Ledderman, consultant with Booz, Allen. 


Hamilton Co., were the guest speakers. 


LOS ANGELES At the Feb. 4 meeting 
San Bernardino Subsection of this subsection 

Harry G. Romig ex- 
plained the use of a demerit system of quality rating 
In addition the Johns-Manville Co. film on quality con- 
trol was shown by J. W. Croft. 
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The group reports that attendance at meetlngs has 


been exceptionally good and that if their membership 
growth continues at its present rate they expect to peti- 
tion for full section status in the near fut 


MILWAUKEE This section held its second annual 


Industrial Clinic for Quality Control 
on Wednesday Feb. 3 at the Wisconsin Hotel. The ses- 
sions dealing with a variety of quality control problems 
in several different fields were weil received by the 125 


persons attending the clinic 


The clinic was opened with a talk on “Quality Con- 
trol as a Profession” by Dr. Paul J. Mundie. The noon 
luncheon was highlighted by an address by J. E. Ober- 
nesser, works manager of International Harvester's 
Milwaukee Works. His topic was “Customer Satisfac- 
tion Keynotes Quality Control Programs.” 


At the regular monthly meeting of this section on 
Jan. 18 Dorian Shainin, Rath and Strong, gave an in- 
teresting talk on the application of SQC techniques to 
various engineering functions 


MILWAUKEE On Jan. 15 in Appleton 
Winnebago Subsection Carl E. Noble, Kimberly- 
Clark Corp., spoke at the 

first scheduled program meeting of this subs >»ction. He 
addressed the 45 members and guests on the subject of 
the “Statistical Quality Control Program.” 

At the business meeting following the program the 
following officers were elected 
Alfred H. Fenne: 
Kiekhaefer Aeromarine Moto: 


Ray N. Hollana. 
Marathon Corporation 


Chairman 


Vice Chairman 


Edward Schuch 
Fairmont Foods, Inc 
Paul A. Ebert 
Kohler Co 


Secretary 


Treasi rel 


This section was privileged to spend the 
evening of Jan. 23 with G. G. Parkin, 
Minnesota Mining & Mfg. Co. His address, “Tests of 
Significance in Industrial Processing,” was a stimulating 
view of some old and new techniques skillfully applied 


MUNCIE 


The regular monthly 
meeting of this sec- 
tion was held at the Fort Wayne Chamber of Commerce 
on Thursday evening, Jan. 18 


NORTHEASTERN INDIANA 


L. B. Brewer, Salisbury Axle Works, was the sponsor 
for the meeting. Mr. Brewer arranged to have D. G 
Browne of The Broderick Co., Muncie, as the guest 
speaker 
PHILADELPHIA Our January meeting featured R 
F. Drenick, R.C.A., who spoke on 
“Quality Problems in Life Testing.” Dr. Drenick dis- 
cussed some of the difficulties in establishing life tests 
designed to insure the customer a specified operational 
life. His adroit sense of humor made his talk even more 
interesting to the well-attended meeting. 


Our change of time for the problem clinic went into 


effect for the first time in January and the new time of 
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6:30 may have had some bearing on the increased 


attendance 


Resistance welding was the general 
subject covered at the Jan. 11 meet- 
ing of this section. The program, arranged by Vern 
Scherkenbeck, was a double-header affair. The first 
part dealing with the welding of various steel alloys 
including stainless was given by Frank Harkins, Solar 
Aircraft; the second part on aluminum alloy welding 
was presented by Raymond Vredenburgh, Rohr Air- 
craft. A lively half-hour discussion session followed the 


SAN DIEGO 


meeting 


SAN FRANCISCO Prof. Gerald Lieberman, Stan- 
BAY AREA ford University, conducted a 

quality control training session 
in San Francisco on Jan. 11. Topic for discussion for 
the evening was Sampling Inspection by Variables. Prof. 
Lieberman presented new developments in variables 
plans based on the average range and with both known 
and unknown standard deviations 


SALT LAKE CITY This section has just completed 
circulating 100 copies of the 
Navy ordnance booklet, “An Introduction to Statistical 
Quality Control.” Several of the copies were given to 
the students of an SQC class being held at the Univer- 
sity of Utah 

The meeting of Feb. 10, was highlighted by talks given 
by two men from Hill Air Force Base. Don Goodfellow, 
Chief of Statistical Analysis Branch, and William Um- 
pleby, Chief of Process Analysis Branch, discussed some 
practical examples of substantial cost savings through 
use of quality control. 

During the month one of our members, Osmund 
Harline, presented a short training session, “Some Fun- 
damental Statistical Concepts,” to a group of United 
Air Lines employees engaged in quality control work 
The presentation was very well received and is the 
type of activity upon which good public relations be- 
tween the local section and the industrial community 
are built. 


SCRANTON- At the Jan. 21 meeting of this 
WILKES BARRE section Prof. McCord, Penn. State 

University, outlined various 
courses that could be offered on inspection and quality 
control. As a start on the program, a 32-hour introduc- 
tory course will be given covering the formulation, use 
and operation of basic statistical techniques as applied 
to quality control charts in manufacturing operations 
The classes which are being offered this spring are 
under the direction of our section chairman, Carl 
Larson. 


On Jan. 12, Norman Steele, Boeing Air- 
plane Co., spoke on “Quality Control in 
the Chemical Industry.” 


SOUTHERN CONNECTICUT S. R. Calabro, Fed- 
eral Telephone and 
Radio Co., addressed this section on Jan. 13. He dis- 
cussed “Quality Control as a Tool for Interchange- 
ability.” 
Education courses sponsored by this section started in 
Bridgeport, Waterbury, and Stamford on Jan. 20. These 
are eight week quality control courses including fre- 


SEATTLE 
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quency distribution, control charts, and sampling plans 
These courses are conducted by John A. Rovegno, 
Vacuum Cleaner and Fan Motor Div., General Electric 
Co., Bridgeport: G. C. Baldwin, Scoville Manufacturing 
Co., Waterbury; and Philip Worth, Electrolux Corp., 
Stamford. 


SOUTHERN TIER Our speaker for the October 
meeting was Ralph E. Wareham, 

Quality Control Consultant, whose subject for this meet- 

ing was, “Managing Your Quality Control Program.” 


Frank G. Norris, a member of the editorial board of 
Metal Progress, was the speaker at our Nov. 9 meeting 
which was a joint session of ASQC and ASME. He spoke 
on “Quality Control for the Metallurgists,” at the meet- 
ing which was held at the Willard Straight Hall of 
Cornell University, Ithaca 

For its Dec. 8 meeting, Dr. A. V. Feigenbaum, General 
Electric Co., spoke on “Company Education on the 
Quality Problem.” 

The January meeting was well attended by members 
and guests who cam? to hear our own Paul Robert, 
IBM Corp., talk on “Tolerances in the Metal Working 
Industry.” 


On Jan. 21, A. R. Burgess, Head of 
the Industrial Engineering Dept. of 
A & M College of Texas, spoke to the meeting of the 
section which was held in Houston. His topic “To Err 


SOUTH TEXAS 


is Human.” 


SYRACUSE The January meeting is always a 
“milestone” affair for this section and 

this year it will be an exceptionally memorable one. 
The meeting consisted of a “twin bill.” Following the 
dinner the first event of the evening was the formal 
presentation of certificates of completion to the people 
who had taken any one of the three quality control 
courses given by the section during the fall semester. 
The group of “graduates” this year was one of the 
largest in the six years that the courses have been given. 


The second event was a “What’s Your Problem?” 
panel discussion conducted by six members of the sec- 
tion. Panel members were: Martin Brumbaugh, Bristol 
Laboratories; Leon Bass, General Electric Co.; Bradford 
Vineall, Easy Washing Machine Corp.; Ralph Swalm, 
Syracuse University; Francis Donahue, Nestle Inc.; Jos- 
eph Sadowski, Crucible Steel Corp. 


The panel offered solutions to quality coatrol prob- 
lems which had been submitted in advance and a very 
spirited meeting ensued. 

Having completed the first semester of quality control 
courses with one of the largest enrollments and smallest 
number of “drops” in six years this section started the 
second semester on Feb. 1 with high spirits. 


Again three courses in SQC are being given in eve- 
ning sessions at Smith Technical High School. The first 
course “Applied Techniques of Elementary Quality 
Control” will be taught by Hugh Wallace, General 
Electric Co.; the second “Applications of Sampling 
Plans and Significance Testing,” by F. Levere Winne, 
Oberdorfer Foundries, Inc.; and the third “Applications 
of Variance Analysis and Special Topics,” by Albert 
Edgar, Bristol Laboratories, Inc. 
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“The QC Manager's Responsibilities to 
Purchasing and the Vendor” was the 
subject of the talk given by L. R. Harrington, King- 
Seeley Corp., in the Mechanical Building, University of 
Toronto, on Jan. 13. His talk centered around the statis- 
tical aspects of the safety factor between mating toler- 
ances in straight assembly. A very interesting discus- 
sion ensued on the quality concepts of conformance to 
specifications and also product requirements. 

The Toronto section members visited the Dufferin 
Works of the Canadian General Electric Co., Ltd., on 
Jan. 27 to see several kinds of incandescent lamps in 
production. After the tour some of the quality control 
procedures were explained by Mr. C. Hilditch 


UNIVERSITY OF 
WESTERN ONTARIO 


TORONTO 


Barrie Bassett and Morris 
Nicholson both of Timken 
Roller Bearing Co., pre- 
sented a two-day training session to the London group 
of this section on Dec. 4-5. They also presented the 
session to the Kitchener group on Jan. 15-16. 

On Jan. 27 the London group met at the General 
Motors Diesel Plant. Following the plant tour Joseph 
Howard, chief inspector, led a discussion on some of 
the company’s quality problems. 

On Jan. 20 the Windsor group met for a tour of the 
Essex Wire Corp. Plant. Following the tour the mem- 
bers viewed the film “Managing Quality” by Ford 
Motor Co. of Canada 


WESTERN MASSACHUSETTS The Jan. 12 meet- 
ing was attended 
by 85 members and guests, with most of the guests 
being members of the Purchasing Agents Association 
of Western Massachusetts, Inc. Nelson G. Meagley, 
Willys Motors, talked on “Vendor Certification.” Mr. 
Meagley illustrated the advantages to be gained not only 
by the purchaser but also by the vendor when vendor 
certification and the entailed use of statistical quality 
control is instituted. He aptly pointed out methods for 
controlling and assuring quality 


WORCESTER On Thursday, Jan. 21, Wade R 

Weaver, Republic Steel Corp., ad- 
dressed a turnout of 75 members and guests at a dinner 
meeting of this section. His talk was significant in light 
of the many questions which are being asked regarding 
“The Breadth and Scope of Quality Control.” Mr. 
Weaver's talk dispelled any doubts concerning the far 
reaching application of quality control. 





“, .. CAST THEIR SHADOWS BEFORE” 





CHICAGO The last regular meeting of the year is 
scheduled at the Furniture Mart at 2:30 
on Mar. 24. The general theme is Quality Control Train- 
ing. There is to be a panel to lead a discussion and to 
answer any and all questions from the floor. Also of 
considerable interest is the planned talk by Nicholas 
Relick, Purdue University, on SQC concepts in lay 
language. This promises to be a red-hot session. 

The third meeting of the Advanced Educational Series 
will be held at Navy Pier at 7:15 on Apr. 7. The theme 
is to be Analysis of Variance. If the previous meetings 
in the series are considered as an indication of the 
value of this one, this is certainly a must on all your 
programs. 
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INDUSTRIAL QUALITY CONTROL 





Plans are now being made for a conference in June 
Subject of the conference is “Quality Control Charts on 
Quality of Sandwiches Eaten at a Picnic” or “Upper 
Control Limits on Ants in Sandwiches.” 


CLEVELAND On Apr. 2, E. L. Fay, Deere and Co., 

will speak to the section on the topic 
“How Quality Control Helps Supervision.” Dinner will 
be at 6:30 at the Cleveland Engineering Society Build- 
ing. The business portion of the meeting will begin at 
8: 00. 

Plans are being made for a tour of one of the local 
breweries. A definite date has not been set for this tour, 
which will be a combination plant tour and social event. 

Another plant tour is being planned for the Cleveland 
Diesel Engine Division of General Motors. No definite 
date has yet been established. 


DAYTON J. M. Juran, Management Consultant, will 
address the section on Apr. 7, at 8:00 PM 
at the National Cash Register Co. Executive Audito- 
rium. His subject will be “What Is the Quality Control 


Job?” 


ERIE Our Apr. 6 speaker is to be L. A. Freeman, 

B. F. Goodrich Co., Akron. His topic has 
been announced as “Quality Control at B. F. Goodrich.” 
Program chairman for this meeting is Fausto J. Adessi, 


Continental Rubber Works, Erie. 


KANSAS CITY Dale Lobsinger, United Air Lines, 
will present to the section, at the 
April meeting, the quality control problems of air lines. 
It will be interesting to learn how the air lines have 
achieved their enviable safety record. 


MILWAUKEE This section will hold its Apr. 19, 

meeting at 7:30 at Marquette Univer- 
sity’s Business Administration Bldg. Leonard A. Seder, 
Quality Control Consultant, will speak on “Techniques 
for Process Trouble Shooting.” 


MINNESOTA On Monday evening Apr. 5, this sec- 
tion will hold its monthly meeting at 
the Curtis Hotel. This will be a dinner meeting at 6:30 
and we are looking forward with great pleasure in 
having as our guest J. M. Juran, who needs no introduc- 
tion to ASQC circles 


MUNCIE Tuesday, Apr. 6, will mark an important 
date for eastern Indiana’s industrial com- 
munity when this section will welcome J. M. Juran, 
Management Consultant, who will discuss, “What Is the 
Quality Control Job?” The meeting will be held at 7:30 
in the Pine Shelf Room of the L. A. Pittenger Student 
Center and will be preceded by a dinner meeting at 
6:30. 


PHILADELPHIA The April meeting will be held on 
Friday the 16th and W. A. Mac- 
Crehan, Lord Baltimore Press, will talk on “Marginal 
Problems of Quality Control.” The meeting will be hela 
at our usual place, Franklin Institute. Also we will have 
the Problem Clinic at 6:30. 
ST. LOUIS March 19. Too late for most of you, but 
you're welcome if you can make it. Tour 
of Cook Imperial American Wine Co., St. Louis. Cham- 
pagne for all. 

Apr. 16. Donald F. Flanders, Allison Div., GMC, will 
be the speaker. Mr. Flanders will speak on the subject, 
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“Sampling Inspection by Variables.” The usual social 
hour and dinner will be at 6:00, the meeting at 8:00. 
Chouteau House, St. Louis University. 


This section will hold its next meeting 
on Apr. 13, at the Benjamin Franklin Ho- 
tel. The program is not yet final and will be announced 
later. 


SEATTLE 


SOUTHERN CONNECTICUT J. Frederick Veri- 
gan, Atlas Powder 
Co., will discuss “The Operator Is Interested” at the 
Apr. 14 meeting. This is a practical discussion giving 
the necessary “selling” required to get quality control 
across—particularly to the operator. 


B. H. Lloyd, Canadian Industries, Ltd., 
will speak at the March meeting of the 
section on “Process Variables Studies.” Members of the 
section are curious to hear Mr. Lloyd’s talk which 
should be a good indication of the scope and intensity 
of statistical quality control in Canada. 


SYRACUSE 


TORONTO Mr. W. Lopak and the Frigidaire Prod- 
ucts of Canada, Ltd. will be host to this 
section for a plant tour on Mar. 24 at 8:00 PM. The sec- 
tion will visit the company’s Scarboro Plant No. 1 at 


Toronto. 


On Apr. 13, at 6:00 PM at the 
Hotel Sheraton in Springfield, 
Paul S. Olmstead, Bell Tele- 
phone Laboratories, will speak on “Statistical Quality 
Control in Engineering and Development.” Dr. Olm- 
stead has done pioneer work in statistical quality con- 
trol and can always be counted on for something new 
and interesting. 


WESTERN 
MASSACHUSETTS 





“AS YE SOW...” 











The executive committee of the sec- 
tion has accepted the recommendation 
of the educational committee to put on another short 
course in general quality control techniques for people 
in the Cleveland area who have had a limited educa- 
tional background. 


CLEVELAND 


A series of round table discussions was 
inaugurated on Feb. 4 under the direction 
of Paul I. Bland and sponsored by the Education Com- 
mittee. The subject discussed at the first meeting was 
the use of probability paper in industrial application. 
The topics for these meetings will be selected from the 
suggestions of members participating in the discussions. 


DAYTON 


EIGHTH NATIONAL June 9-10-11. Add June 8 
CONVENTION beginning at 3:00 pm! An- 
heuser-Busch (Budweiser) has planned a gala afternoon 
and evening event! Be sure to return your request for 
invitations early and insure a “Never-to-be-forgotten 
Eve.” The request is attached to the Convention Bro- 
chure which you will be receiving in the mail shortly 

So remember—St. Louis, 8th National Convention, 
June 8, 9-10-11, 1954. 
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SAN FRANCISCO With the cooperation of the 
BAY AREA committee on industrial engi- 

neering at Stanford University 
this section is offering a one-day Quality Control Con- 
ference which will be held at the university on March 
26. Prof. Grant Ireson is general chairman of the con- 
ference, the first to be offered by this section. It is 
hoped and planned, however, to present these confer- 
ences as an annual event 

Topics and speakers for the March 26 conference have 
been chosen to appeal generally to management level 
interests. Opening with an address of welcome by F. E. 
Terman, Dean of the Engineering College, the confer- 
ence will cover the following topics: “Cost Reduction 
Through Quality Control,” by Prof. E. L. Grant, Stan- 
ford University; “Control Charts—A Tool to Save Dol- 
lars,” by Wyatt Lewis, General Electric Co.; “Insuring 
Quality of Purchased Products,” by Dorothy Biggs, 
Cutter Labs; “New Horizons in Quality Control,” by 
Dale Lobsinger, United Air Lines; “Quality Control for 
the Smaller Plant,” by Alan Eagle, Broadview Research 
& Development; “Quality Control in Maintenance Op- 
erations,” by Alan Hull, United Air Lines; “Sampling 
Inspection by Variables,” by Prof. Gerald Lieberman, 
Stanford University 
SEATTLE Methods of producing products or services 
of guaranteed quality will be discussed 
at the Second Annual Pacific Northwest Conference on 
Quality Control which is being presented by this section 
on Apr. 2-3 at the University of Washington, Seattle. 

The program will begin on Apr. 2 with a training 
session on basic concepts of quality control, to be fol- 
lowed by a session on advanced techniques. The second 
day will be devoted to the presentation of papers by 
Prof. E. L. Grant, Stanford University; Dale L. Lob- 
singer, United Air Lines; Prof. Z. W. Birnbaum, Uni- 
versity of Washington; and Eugene Goddess, Boeing 
Airplane Co. In addition H. T. Broderson, Johns- 
Manville Co., will show his company’s film “Modern 
Quality Control.” 

The conference is being presented through the co- 
operation of the University’s Colleges of Engineering 
and Business Administration. Dr. G. I. Butterbaugh, 
University of Washington, is chairman of this year's 
conference. Programs, registration forms or additional 
information about the conference can be obtained from 
Norman W. Steele, Jr., 701 North 100th Street, Seattle. 


TORONTO On Saturday Apr. 10 this section is 
sposoring an All-Day Forum on Quality 
Control to be held at McMaster University in Hamilton. 

The morning program will be devoted to a pane! dis- 
cussion on “The Organization of Quality Control.” Dr 
J. M. Juran, Management Consultant, will serve as 
moderator for the panel which will consist of J. B 
Bassett, Timken Roller Bearing Co., J. G. Gardiner, 
Massey-Harris-Ferguson, R. J. D. Gillies, Case Insti- 
tute, and J. K. MacKeigan, Dunlop Tire Co. Completing 
the morning program will be a showing of the film “Man 
with a Thousand Hands,” a Canadian technicolor pro- 
duction of the Kitimat Power Project with commentary 
by Raymond Massey. 

The afternoon program will be split into two series. 
The topics covered will be sampling inspection pro- 
cedures by F. A. Bucksot, International Harvester Co., 
receiving inspection in the electronics industry by J. E 
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Manzer, Canadian General Electric Co., quality control 
in the chemical industry by B. H. Lloyd, Canadian In- 
dustries, Ltd. and SQC in textile processiong by N. L 
Enrick, Institute of Textile Technology. 

This is the first all-day forum to be presented by the 
section. Registration fee, including luncheon, is $7.50. 
Advanced registration forms and further information 
may be obtained from J. P. Orton, Metallurgical De- 
partment, The Steel Co. of Canada, Ltd., Hamilton, 


Ontario. 


“FOR MANY ARE CALLED, BUT 
FEW ARE...” 


Miss Dorothea Looney, Polaroid, his been 
appointed the new secretary of this sec- 
tion, replacing A. F. Bezarson, Gillette Safety Razor. 


CHICAGO 








BOSTON 


Archie Jackson, president of this sec- 
tion, has resigned from this post because 
he has recently moved to the Detroit area to join the 
firm of Harmon S. Bayer Associates as a quality con- 
trol consultant. Mr. Jackson was formerly with the 
Allen B. Wrisley Co. of Chicago. 

Former vice president Harry R. Bennett, Automatic 
Electric Co., is the new president. The section secre- 
tary Marjorie Sutherland has also assumed the duties 
of vice president. Both Mr. Bennett and Dr. Suther- 
land were elected to their new duties by the board of 
directors of the section. 


INDIANAPOLIS Donald F. Flanders, Allison Di- 
vision, GMC, was recently elected 
vice president of this section to fill out the term of Dale 
A. Cue who resigned this post on Jan. 15. Mr. Cue is 
transferring his membership to the Milwaukee section, 
where he is now employed by the A. O. Smith Corp. 





SIGNIFICANT DIFFERENCES 








Plans are completed for a contest to be conducted 
by the Philadelphia section for the best paper on “Ap- 
plications of Statistical Quality Control.” Students from 
schools in the Philadelphia area will be eligible to 
compete. 

Michael O'Hanlon, chairman of our employment com- 
mittee is no longer connected with LR.C. and anyone 
wishing to contact him can do so at 4510 Camden Ave., 


Pennsauken, N. J. 


And from the San Diego section newsletter is this 
sage piece of advice |. . 

“Don’t miss our (Monday night) meeting because 
you have to sit up with a sick friend—Bring him along!” 


For the next season the Western Massachusetts sec- 
tion plans to have widespread company representation 
on both the program and membership committees. By 
so doing the program can be better tailored to fit the 
entire area’s needs and from this it can be expected that 
membership and meeting attendance will be improved. 


Oliver P. Beckwith has recently joined the staff of 
Fabric Research Laboratories, Inc. at Boston, Mass. He 
will be in charge of a newly created quality control 
group. Mr. Beckwith was formerly director of quality 
control for Alexander Smith & Sons Carpet Co 
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NOTICE 
In accordance with the provision 
of the Constitution of the Society, 
the Nominating Committee for 1954 
herewith reports the following 
unanimously chosen nominees fot 
the Society officers in 1954-55 
President: 
Raymond S. Saddoris 
A. O. Smith Corporation 
Milwaukee Section 
Vice Presidents 
Arthur Bender, J: 
Delco-Remy Div., GMC 
Indianapolis Section 
Paul A. Roberts 
IBM Co. 
Southern Tier Section 
Julian H. Toulouse 
Owens Illinois Glass Co 
Toledo Section 
Executive Secretary 
Dorian Shainin 
Rath & Strong, Inc 
Hartford Section 
Treasure! 
Leon Bass 
General Electric Co 
Syracuse Section 


Each of the above nominees has 
expressed his willingness to accept 
if elected to the office for which he 
has been nominated. 


MEMBERSHIP CORNER 

As the end of the membership 
year approaches, the tendency to re- 
lax our efforts to acquire new mem- 
bers becomes prevalent. To combat 
this tendency the following thought 
should be kept in mind: The man 
who has problems in and respon- 
sibilities for the control of quality 
needs the help which membership 
in ASQC can give him regardless of 
the time of year. 

As an inducement to encourage 
people to become members at any 
time of the year the Society estab- 
lished half-year memberships which 
may be taken at the option of mem- 
bers joining after January 1. Be sure 
to remind the members who exercise 
this option that they will receive 
only the corresponding 
Industrial Quality Control back to 
January 1. But even more impor- 
tant, be sure to encourage them to 


issues of 


include dues for the following year 
also. This will avoid the nuisance of 
being billed and having to remit 
dues for the following year within a 
few months after joining. It will also 
simplify the work of the national 
office at a critical time the following 
June. For new members joining the 
Society after May 1 this encourage- 
ment becomes a requirement. A new 
regulation of the Society states that 
new members entering after May 1 
may sign up as half-year members 
in the current year, only if they also 
jcin for the following fiscal year. 

This is also a good time to com- 
plete follow-up on any delinquent 
members. But remember that the 
provision for half-year memberships 
applies only to new members, not to 
former or delinquent members who 
can be reinstated only by paying 
back dues. It will be easier to do this 
follow-up work now, than it will 
after another membership year be- 
gins. 

Make your section grow by mak- 
ing membership an all-year ac- 
tivity! 








More and Finer Products at LOWER UNIT COSTS! 


HOW TO INSTITUTE QUALITY CONTROL 
AS AN OPERATING PROCEDURE—using 


R. G. Bock P. Q. Scopes with the 
Quality Index of Standard Conformity. 


A completely NEW Outline of Practice available to Quality Contre! 


and Operating Executives upon request . . . address 


R. G. Bock Engineers 


Industrial Management Consultants 


1937 Irving Park Road, Chicago 13, Illinois 


(Our organization also renders a consulting Service to Industry in instituting Statistical Methods of Quality Control.) 
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AN ERROR TO NOTE 

For the benefit of many of our 
readers an error has been noted in 
the Dixon and Massey text (Intro- 
duction to Statistical Analysis, Mc- 
Graw-Hill) in Tables 9a and 9b, 
pages 320 and 321. Namely, the 
tables were transposed in printing 
The table shown as the .80 confi- 
dence interval is actually the .90 
confidence interval and similarly the 
one shown as the .90 confidence in- 
terval is actually the .80 confidence 
interval 

This correction was sent to us by 
Frank Proschan, Sylvania Electric 
Products, who first verified it with 
W. J. Dixon, one of the co-authors 


INDEX TO 10C 
ADVERTISERS 
B. C. Ames 
Bausch & Lomb 
Bell Telephone Labs 
R. G. Bock 
Brown & Sharpe 
Bryant Chucking Grinder. . 
Ralph E. Burt Associates 
Cosa Corp. 
Elliott Service Co. 
Exact Weight Scale 
Federal Products 
Jones & Lamson. 
Norton Co. 
Qualco 
Republic Steel 
Rimat Tool Co. 
Sheffield 
Standard Gage 
P. A. Sturtevant 
Vaft-Peirce 





POSITIONS WANTED 
Address all replies to box number references 
to: American Society for Quality Control 
Room 5736, 70 East 45th Street, New York 
17, N.Y 





QUALITY CONTROL COORDINATOR 
with seven years experience in quality 
control work, versed and experienced 
in the use of ASQC methods and pro- 
cedures desires relocation Resume 
sent on request. Reply to box 10E] at 
the above address 


BRAIN FOR RENT—INDEFINITELY 
Statistical Quality Control man, one 
year experience in cigarette quality 
control, college graduate, Korean vet- 
eran, married, will relocate. Available 
June. Please reply to Box 10E2 at the 
above address. 
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POSITIONS AVAILABLE 


Address all replies to box number references 
to: American Society for Quality Control 
Room a 70 East 45th Street, New York 


17, . 








WANTED 


Statistician 
by large 
New England paper 
company 


for Technical Service Depart- 
ment to analyze and review re- 
ports and charts in connection 
with increased instrumentation 
and activity. Familiarity with 
use of correlation coefficients, 
regressions, Shewhart control 
charts, and other modern sta- 
tistical techniques essential. 
This is a 
Responsible Position 

that will grow increasingly 
more important with the con- 
tinued expansion of the de- 
partment. 

Send resume giving education- 
al background and history of 
experience to Box 10L1 at the 
above address. 











QUALITY CONTROL 
Excellent opportunity as Quality Con- 
trol Supervisor for medium sized glass 
container plant in West Virginia. Ce- 
ramic graduate or engineering back- 
ground preferred, but experience in 
quality control or packing room may 
qualify. Immediate employment. Re- 
ply to Box 10L2 at the above address. 


CHANCE VOUGHT 
AIRCRAFT 
DALLAS, TEXAS 


QUALITY CONTROL 
ENGINEERS 


Dalias, Texas, aircraft firm has 
openings for four quality control en- 
gineers in statistical and electronics 
fields. Prefer aeronautical, mechan- 
ical, chemical or electrical engineer 
with experience in airframe or related 
manufacture. Excellent opportunity 
for qualified men to go into super- 
vision, either directly or after a period 
of indoctrination 

Please send complete resume with 
salary requirements. Moving allow- 
ance provided. Reply directly to 
Chance Vought Aircraft, Box 5907, 
Dallas, Texas. 











CONSULTING SERVICES 
Responsibility of the American Society 
for Quality Control, Inc., for Consulting 
Services advertising is limited to cer- 
tification that advertisers hold the grade 
of membership in the Society stated in 
their advertisements. Qualification re- 
quirements for the several grades of 
membership are set forth in the Con- 
stitution of the Society. 


Management Controls 


POUNDED IN 1945 
References and Literature om Request 


699 Rose Ave. 
Des PLAINES, ILL. 
Vanderbilt 4-6533 





Senior Partner: 
W. E. JONES 
Fellow, ASQC 








Consulting Services in Quality Control 


RALPH E. WAREHAM 
Fellow, ASQC 


122 Orchard Ridge Telephone 
Chappaqua 1-0715 


Chappequa, New York 








HARMON 5S. BAYER & ASSOCIATES 
Quality Control Consultants 
Announce the association of 

ARCHIE R. JACKSON 
Fellow, ASQC 
1154 Book Building 
Detroit 26, Michigan 


Harmon 5S. Bayer 
WOodward 5-0202 


Senior Member, ASQC 








QC Planning Defect Prevention 


LEONARD A. SEDER 
FELLOW, ASQC 

267 HAWTHORNE ST 
MALDEN, MASS. 
MAlden 4-5446 


Organizing for Quality Training 








Mechanical - Management - Electronic 
Process - Design - Quality Control 
Investigations - Appraisals - Reports 


JOHN |, THOMPSON & COMPANY 
ENGINEERS 


921 17th St. NW, Washington 6, D.C 
O. F. Keeler, Jr., Vice-President 
Senior Member, ASQC 
Laboratory Division: Bellefonte, Px 








Statistical Methods Inspection Surveys 


BERNARD HECHT 
Quality Coutrol Specialist 
Serving Industry on East and West Coast Areas 


Senior Founding Member ASQC 


Western Office: 
S410 Wilshire Biva.. 
Leos Angeles 36. Calif 


Eastern Office: 
?. O. Box 258 
Little Sitver, NM. J. 








It Pays to Purchase 
Quality-Controlled Products 
from IQC Advertisers 
When Replying to Ads 
Please Mention IQC 
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FC jee ted 


Jones & Lamson Comparators guarantee 
2 Jones & Lamson Machine Company 


510 Clinton Street, Dept. 710 
Springfield, Vermont, U.S.A. 
Please send Comparator Catalog No. 402. 


swift, sure QUALITY CONTROL — 
throughout your production lines. Write for 
Catalog No. 402. One of our eleven 
models will fit your needs. 

TITLE 


JONES & LAMSON 5) “az 


JONES & LAMSON MACHINE COMPANY COMPARATOR DIV. 
510 Clinton St., Springfield, Vt., U.S.A — Dept. 710 











Inspection Costs Drop! These three Federal Electricator Gages inspect two 
diameters, a shoulder distance and overall length of tiny watch parts. . . 


simultane- 


ously. Signal lights tell when dimensions are off-size. Dial indicators show how much. 


Oversized Costs Measurably Reduced! 


Cost-cutting programs pay off only 
when your process, production and quality 
control engineers use up-to-date methods 
and equipment. How much are out- 
moded gages handicapping their progress? 


Your costs can be cut seven ways 
when modern Federal Gages take over: 


Reduction in undersize dimensions 
and oversize holes which scrap up to 


10% of production. 


Less rework on oversize work which 
hogs as much as 30% machine time 


in some plants. 


Material costs cut through purchase 
of smaller-sized stock, made possible 


by holding work to closer tolerances. 


Inspection time halved when visual 


indicating gages replace ordinary 


micrometers, vernier calipers and 


fixed gages. Even higher savings result 


when Federal multi-dimensional and 


sorting gages are used. 


q Quality control simplified by gages 
that warn machine operators before 


they produce scrap. 


Assembly speeded when visual 
indicating or automatic sorting 
catches out-of-tolerance parts form- 
erly overlooked because of human 


error. 


Gaging costs cut when modified 
Federal stock gages eliminate need 


for costly special gage engineering. 


Investigate! Catalog 
52 shows your produc- 
tion and quality con- 
trol engineers Federal 
Gages which help cut 
costs all along the line. 
Write for your copy 
today. Federal Products Corporation, 
1153 Eddy St., Providence 1, R. I 


EDERA 


FOR ANYTHING IN MODERN GAGES... 


DIAL INDICATING, AIR, 


ELECTRIC, 


OR ELECTRONIC—FOR 


INSPECTING, MEASURING, SORTING, OR MACHINE SIZE CONTROL. 


: 





Accurate Assembly! Here's how a 
Federal Dial Indicator is used in balancing 
and adjusting gears at assembly of an 
automatic pilot. 


Full Length Inspection! This Federal 
Continuous Measuring Gage checks full 
length diameter of hard rubber tubes as 
they emerge from centerless grinder. Signal 
lights show operator when tube diameters 
are within, over, or under tolerances. This 
gage can be modified for COMPLETELY 
AUTOMATIC SORTING. 


Accuracy and Output 'ncreased! Here. 
the new Federal Arnoldair unit is applied 
to the well known Arnold continuous grind- 
ing gage. This makes faster and more 
positive dial reading. Work is ground to 
required dimensions more positively, with 


less human attention. 





